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integrated circuits are listed 
by key parameters. You also 
learn who-makes-what In diodes, 
SCRs and rectifiers. Articles 
show design basics, trade-offs. 


When the chips are down, an 
applications-oriented semicon- 
ductor directory is your best 
bet for optimum device selec- 
tion. Bipolars, FETs, UJTs and 
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LPDTpL 9040 | 


LPDTpL 9042 LPDTuL 9041 Pr 
FEATURES: 
LOW POWGF OIA oc se siete esc ie cecksd vag en less than 1mW/gate (typ.) @ 50% duty cycle 
less than 4mW/clocked flip-flop 
Single power supply requirement ............ 5V optimum, 4.5V to 5.5V range 
Guaranteed noise immunity ................. 450mV min. at temperature extremes 
Logic propagation delays .......6.ccesncceas 60nsec. typical 
Pe CIC ORIGE nis koa kaweeeranw cence sans 2.5Mc 
FUN TOMPSTOIUITG (ANGE «26. badns seawsacuves —55°C to +125°C 


LPDTpL LOW POWER DIODE-TRANSISTOR MICROLOGIC™ CIRCUITS 

Fairchild LPDTwuL integrated circuits offer high performance in the low milliwatt range. High 
resistance values and small chip geometry hold down power consumption. The flip-flop 
element operates either in the R-S or J-K mode, with maximum dissipation of 6mW at a 
2Mc toggle rate. Gates provide fan-out capability of 10 LPDTuL low power logic unit loads, 
or one standard Fairchild DT,.L diode-transistor logic unit load. (Standard Fairchild DTwL 
logic circuits can be used to extend the fan-out capability still further). The circuits come in 
Fairchild’s Cerpak flat package, and can be used in satellites, battery-operated field equip- 


ment, or other instruments where reliability and high per- Rs 
formance must be achieved with limited power. Fairchild 
LPDTuL low power integrated circuits are available in FAI RC ei i Lo 
evaluation quantities from distributors. For complete 
information write to: SEMICONDUCTOR 


FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 @ TWX: 910-379-6435 
Micrologic is Fairchild’s trademark for integrated circuits. 
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ELECTRONIC DESIGN’S 
SEMICONDUCTOR DIRECTORY 
1966 


Mark B. Leeds, 
Rene Colen 
Technical Editors 


Here is the industry’s only complete applications-oriented semiconductor direc- 
tory. Combining ELECTRONIC DESIGN’s fourteenth annual transistor data chart 
and third annual microelectronics data chart with a who-makes-what diode 
guide, the directory gives you in one package: 

= All the device information you need to pinpoint solid-state design needs—list- 
ed according to major design parameters. 

= Technical articles explaining how to use the specifications, major application 
areas and the governing design parameters. 

= Convenient Reader-Service Card (good for a full year) to order detailed de- 
vice specifications direct from the manufacturer. 

Transistors are classified according to seven application categories: Audio and 
General-Purpose, High-Frequency, Power, Low-Level Switching, High-Level 
Switching, Unijunction and Field-Effect. Within each category, types are arranged 
in order of improving values of a key design parameter. This listing method per- 
mits rapid identification of close substitutes, because device specifications can be 
compared at a glance. The manufacturer listed in the “Mfr.” column is the origi- 
nal registrant of the type for which data are supplied. Alternate suppliers are 
listed in the “Remarks” column. . 

The diode chart provides a fast guide to the manufacturers who make the spe- 
cific type of diode you need. 

Microelectronic devices are divided into two major categories: Digital and 
Linear. Within these categories the devices are listed by logic type, in the case 
of digital circuits, and by application, in the case of linear circuits. 

Cross-indexes for both transistors and microcircuits simplify the job of finding 
the specific device when the type number is known. 

Keep your semiconductor data up-to-date by doing the following: 

Step 1: Obtain specification sheets and other data, by finding the appropriate 
numbers on the manufacturers’ literature list (pp. 4-9) and circling them on the 
Reader-Service Card. 

Step 2: Get your own copy of the 1966 Semiconductor Directory by circling 
Reader-Service No. 500. 
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Looks are deceiving... 


Meet the XTX...a totally new tan- 
talum capacitor with unmatched vol- 
umetric efficiency. A capacitor which 
offers twice the capacitance value of the 
CL65—yet retains CL65 case sizes! Voltage 
range is widest, too: from 6 all the way to 100. 

The inside story? Dependability. CDE’s exclu- 
sive seal construction virtually eliminates the 
possibility of electrolytic leakage. Rugged internal 
construction makes the XTX incredibly shock and vibra- 
tion-resistant. It is, in fact, an advanced product...one 
just right for computer circuitry, copy machines and many 
other applications. 

CDE’s new XTX capacitor: just another example of doing the 
job just a little better. 


CALL YOUR CDE AUTHORIZED INDUSTRIAL DISTRIBUTOR. 


”ACORNELL- 
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Table of Contents 


4 List of manufacturers and their literature offerings. 
208 _ ‘Technical article reprints and reader service card. 


TRANSISTORS 


10 Parameters key applications, govern transistor selection. 
18 How to use the charts and key to transistor types. 

en Transistor who-makes-what chart. 

22 Bipolar transistor data charts: 


22 Audio and general purpose. 78 Low-level switching. 
34 High-frequency. 86 High-level switching. 
56 Power. 


94 For the how, why and where of FET usage, consult parameters. 
104  Field-effect transistor data charts: | 


104 Analog switching. 108 Differential dc amplifier. 
106 ___ Digital switching. 108 General-purpose ac amplifier. 
107 _ __Low-drift single-ended 111  Low-noise ac amplifier. 

dc amplifier. 112 High-frequency ac amplifier. 


114 Use the UJT that does the job best. 


118 Unijunction transistor data charts: 
118 Pulse generating and 118 High-frequency control. 
: SCR triggering. 118 Low-frequency control. 


122 Transistor cross-index (bipolars, FETs and UJTs). 


DIODES / RECTIFIERS 

144 Selecting thyristors to fill a control need? 

156 In choosing diodes, don’t settle for second-best! 
164 Diode data chart (who-makes-what). 


MICROELECTRONICS 


170 Choosing ICs needn’t be a chore. 
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The cover photo, courtesy of Fairchild Semiconductor, Mountain 
View, Calif., shows a number of popular solid-state devices. At the 
upper right is part of an SCR (2N4319 type); resting on the left 
portion of the SCR structure is a FET (F1100 type); in the center 
foreground is a 2N1724 power transistor with an isolated collector; 
to its left, a hybrid flip-flop (SH2300 type); slightly above and to 
the right of the flip-flop is a ~A709 monolithic operational ampli- 
fier; at the extreme upper left is part of a dual-bipolar unit 
(2N2060 type). 


ELECTRONIC DESIGN is published bi-weekly by Hayden Publishing Company, Inc., 850 Third Avenue, New York, N. Y., 
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List of Manufacturers 


and their literature offerings 


Bring your semiconductor data file up to date. Use the Reader- 
Service card to obtain data sheets, catalogs, application notes and 
other useful information. Consult dot charts (Transistors: p. 21, 
Diodes/Rectifiers: p. 164, and Microelectronics: p. 179, 182, 188) to 
learn who makes what in each device category. Starred (*) listings 
mean requests for literature and data sheets must go directly to the 
manufacturers. 


Airtron Div., Litton Industries 
200 E. Hanover Ave. 

Morris Plains, N.J. 07950 
(201) 539-5500 


Alpha Industries 

381 Elliot St. 

Newton Upper Falls, Mass. 02164 
(617) 969-5310 


Amelco Semiconductor 

1300 Terra Bella Ave. 
Mountain View, Calif. 94042 
(415) 968-9241 ; 


American Electronic 
Laboratories Inc. 
P.O. Box 552 


Lansdale, Pa. 19446 
(215) 822-2929 


American Semiconductor Corp. 
4.N. Hickory Ave. 

Arlington Heights, Ill. 60004 
(312) 392-8830 


Amperex Electronic Corp. 
Providence Pike 
Slatersville, R.1. 02876 
(401) 762-9000 


Atlantic Semiconductor Inc. 
905 Mattison Ave. 

Asbury Park, N.J. 07712 
(201) 775-1827 


Bell, F.W., Inc. 

1356 Norton Ave. 
Columbus, Ohio 43212 
(614) 294-4906 


Type of 
Information 
Offered 


Data sheets. 
Article reprints. 


Data sheets. Catalogs. 


Customer applications 
service. 


Short form catalog. 


Data sheets. Catalogs. 


Article reprints. 
Customer applications 
service. 


Data sheets. Catalogs. 


Data sheets. Catalogs. 


Application notes. 
Customer applications 


service. Design aids. 


Data sheets. Catalogs. 


Data manuals. 


Transistor 


electronics 


Bendix Semiconductor Div. 
South St. 

Holmdel, N.J. 07733 

(201) 747-5400 


Bradley Semiconductor Corp. 


275 Welton St. 
New Haven, Conn. 06506 
(203) 787-7181 


Burroughs Corp. 


Electronic Components Div. 


P.O. Box 1226 
Plainfield, N.J. 07061 
(201) 757-5000 


CBS Laboratories 
High Ridge Road 
Stamford, Conn. 
(203) 325-4321 


Chatham Electronics Div. 
Tung-Sol Electric Inc. 
630 W. Mt. Pleasant Ave. 
Livingston, N.J. 07039 
(201) 992-1100 . 


Computer Diode Corp. 
Pollitt Drive 

Fair Lawn, N.J. 07410 
(201) 797-3900 


Conant Laboratories 
6500 O St. 

Lincoln, Neb. 68501 
(402) 488-0432 


Continental Device Corp. 
12515 Chadron St. 
Hawthorne, Calif. 90250 
(213) 772-4551 


Type of 
Information 
Offered 


Transistor 
electronics 


Catalogs. Design aids. 


Data sheets. 
Facilities brochure. 


Data sheets. Catalogs. 


Data sheets. ory 
a aah 
Data sheets..Catalogs. eo 


Article reprints. 
ELECTRONIC DESIGN 


Company 


Crystalonics Inc. 

147 Sherman St. 
Cambridge, Mass. 02140 
(617) 491-1670 


Delco Radio Div., 
General Motors Corp. 
700 E. Firmin St. 
Kokomo, Ind. 46901 
(317) 457-8461 


Delta Semiconductors Inc. 
879 W. 16th St. 

Newport Beach, Calif. 92660 
(714) 646-3286 


Dickson Electronics Corp. 
P.O. Box 1387 
Scottsdale, Ariz. 85252 
(602) 947-5751 


Diodes Incorporated 
20235 Nordhoff 
Chatsworth, Calif. 91311 
(213) 341-4850 


Eastern Delta Corp. 
29-09 Broadway 
Fairlawn, N.J. 07411 
(201) 797-4200 


Eastron Corp. 

25 Locust St. 
Haverhill, Mass. 01830 
(617) 373-3824 


Edal Industries 

4 Short Beach Road 

East Haven, Conn. 06512 
(203) 467-2591 


Edgerton, Germeshausen & 
Grier, Inc. 

160 Brookline Ave. 

Boston, Mass. 02215 

(617) 267-9700 


Electro-Optical Systems Inc. 
255 N. Halstead 

Pasadena, Calif. 91107 
(213) 449-1230 


Electronic Devices Inc. 
21 Gray Oaks Ave. 
Yonkers, N.Y. 10710 
(914) 965-4400 


Electronic Transistors Corp. 
153-13 Northern Blvd. 
Flushing, N.Y. 11354 

(212) 539-6700 


Erie Technological Products 
Inc. 

644 W. 12th St. 

Erie, Pa. 16512 

(814) 456-8592 


Fairchild Semiconductor 
313 Fairchild Drive 
Mountain View, Calif. 94040 
(415) 962-5011 


Fansteel Metallurgical Corp. 
Number One Tantalum Place 
North Chicago, III. 60064 
(312) 336-4900 
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Type of 
Information 
Offered 


Short form catalog. 


Short form catalog. 


Data sheets. Catalogs. 


Data sheets. Catalogs. 

Application notes. 

Article reprints. 

Customer applications 
service. 


Data sheets. Catalogs. 


Data sheets. 


Data sheets. Catalogs. 
Application notes. 


Data sheets. Catalogs. 

Article reprints. 

Customer applications 
service. Design aids. 


Data sheets. 
Application notes. 


Catalogs. 
Application notes. 


Data sheets. Catalogs. 
Application notes. 


‘Article reprints. 


Customer applications 
service, 


Transistor 


electronics 
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Company 


General Electric Co. 
Semiconductor Products Dept. 
Bldg. 7, Electronics Park 
Syracuse, N.Y. 

(315) 456-2798 


General Instrument Corp. 
Technical Service Center 
600 W. John St. 
Hicksville, N.Y. 11802 
(516) 681-8000 


General Micro-electronics Inc. 
2920 San Ysidro Way 

Santa Clara, Calif. 95051 
(408) 245-2966 


General Semiconductors, Inc. 
230 W. 5th St. 

Tempe, Ariz. 85281 

(682) 966-7263 


Green Rectifier Corp. 
1-10 30 St. 
Fairlawn, N.J. 07411 
(201) 797-8100 


HP Associates 

620 Page Mill Road 
Palo Alto, Calif. 94304 
(415) 321-8510 


Heliotek Div., 

Textron Electronics Inc. 
12500 Gladstone Ave. 
Sylmar, Calif. 91342 
(213) 365-6301 


Hoffman Electronics Corp. 
Semiconductor Div. 
Hoffman Electronic Park 
El Monte, Calif. 91734 
(213) 686-0123 


Hughes Aircraft Co. 
Microelectronics Div. 

500 Superior Ave. 

Newport Beach, Calif. 92663 
(714) 548-0671 


Hunt Electronics Co. 
2617 Andjon 

Dallas, Tex. 75220 
(214) 352-8421 


ITT Semiconductors 

3301 Electronics Way 

West Palm Beach, Fla. 33402 
(305) 842-2411 


Industro Transistor Corp. 
35-10 36th Ave. 

Long Island City, N.Y. 
(212) 392-8000 


Instrument Systems Corp. 
770 Park Ave. 
Huntington, N.Y. 

(516) 423-6200 


Intellux, Inc. 

26 Coromar Dr. 
Goleta, Calif. 93017 
(805) 968-3541 


International Diode Corp. 
90 Forrest St. 

Jersey City, N.J. 07304 
(201) 432-7151 


Type of 
Information 
Offered 


Transistor 
Micro- 
electronics 


Data sheets. Catalogs. 
Application notes. 
Article reprints. 


Data sheets. Catalogs. 


Catalogs. 


Data sheets. Catalogs. 

Data manuals. 

Customer applications 
service. 


Data sheets. 
Application notes. 


Data sheets. Catalogs. 
Application notes. 
Article reprints. 


Data sheets. 
Application notes. 


Catalogs. 


Data sheets. 


Data sheets. Catalogs. 
Application notes. 
Article reprints. 

Data manuals, 
Customer applications 


service. Design aids. 


Company 


International Electronics Corp. 


316 South Service Road 
Melville, L.., N.Y. 11749 
(516) 694-7700 


International Rectifier Corp. 


233 Kansas St. 
El Segundo, Calif. 90245 
(213) 678-6281 


IRC Inc., Semiconductor Div. 


71 Linden St. 
W. Lynn, Mass. 01905 
(617) 598-4800 


KMC Semiconductor Corp. 
Parker Road 

Long Valley, N.J. 07853 
(201) 876-3811 


KSC Semiconductor Corp. 
437 Cherry St. 

West Newton, Mass. 
(617) 969-8451 


Korad Corp. 

2520 Colorado Ave. 

Santa Monica, Calif. 90404 
(213) 393-6737 


Lansdale Transistor & 

Electronics Inc. 
1111 N. Broad St. 
Lansdale, Pa. 19446 
(215) 855-9004 


Ledex, Inc. 

123 Webster St. 
Dayton, Ohio 45402 
(513) 224-9891 


MSI Electronics Inc. 
116-06 Myrtle Ave. 
Richmond Hill, N.Y. 
(212) 441-6420 


Mallory Semiconductor Co. 
424 S. Madison St. 
DuQuoin, Ill. 62832 

(618) 542-2154 


Mepco, Inc. 

Columbia Road 
Morristown, N.J. 07960 
(201) 539-2000 


MicroSemiconductor Corp. 
11250 Playa Court 
Culver City, Cal. 90230 
(213) 391-8271 


Micro State Electronics Corp. 


Subsidiary of Raytheon Co. 
152 Floral Ave. 

Murray Hill, N.J. 07971 
(201) 464-3000 


Microwave Associates 
Northwest Industrial Park 
Burlington, Mass. 01803 
(617) 272-3000 


Motorola Semiconductor 
Products, Inc. 

5005 E. McDowell Road 

Phoenix, Ariz. 85008 

(602) 273-6900 


Type of 
Information 
Offered 


Data sheets. Catalogs. 


Customer applications 
service. 


Data sheets. Catalogs. 


Application notes. 
Article reprints. 
Customer applications 


service. Design aids. 
Data sheets. Catalogs. 


Customer applications 
service. 


Data sheets. Catalogs. 


Application notes. 

Article reprints. 

Customer applications 
service. 


Data sheets. Catalogs. 


Data sheets. Catalogs. 


Application notes. 
Article reprints. 

Data manuals. 
Customer applications 


service. Design aids. 


Data sheets. 


Data sheets. Catalogs. 


Application notes. 
Article reprints. 
Customer applications 


service. Design aids. 


Data sheets. Catalogs. 


Application notes. 
Article reprints. 


Data sheets. 
Short form catalogs. 
Application notes. 


Transistor 


electronics 


National Electronics Inc. 
Geneva, III. 60134 
(312) 232-4300 


National Semiconductor Corp. 


Commerce Road 
Danbury, Conn. 
(203) 744-0060 


Norden Div., United Aircraft Corp. 


Helen St. 
Norwalk, Conn. 06856 
(203) 838-4471 


Nucleonic Products Co., Inc. 
Components and Devices Div. 


3133 E. 12th St. 
Los Angeles, Calif. 90023 
(213) 968-3464 


Ohmite Manufacturing Co. 
3601 Howard St. 

Skokie, Ill. 60076 

(312) 675-2600 


Philbrick Researches, Inc. 
Allied Drive at Route 128 
Dedham, Mass. 02026 
(617) 329-1600 


Philco Corp. 

Church Road 
Lansdale, Pa. 19446 
(215) 855-4681 


Power Components, Inc. 
P.O. Box 421 

Scottdale, Pa. 15683 
(412) 887-6600 


Radiation Inc. 

P.O. Box 37 
Melbourne, Fla. 32901 
(305) 723-1511 


Radio Corp. of America 


Electronic Components & Devices 


415 S. Fifth St. 
Harrison, N.J. 07029 
(201) 485-3900 


Raytheon Co. 
Semiconductor Operation 
350 Ellis St. 

Mountain View, Cal. 94041 
(415) 968-9211 


Rectico Inc. 

20 Village Park Road 
Cedar Grove, N.J. 07009 
(201) 239-6464 


Saratoga Semiconductor Div. 
Espey Mfg. Corp. 

P.O. Box 422 

Saratoga Springs, N.Y. 
(518) 584-4100 


Sarkes Tarzian, Inc. 
415 N. College Ave. 
Bloomington, Ind. 47401 
(812) 332-1435 


Schauer Mfg. Corp. 
4500 Alpine Ave. 
Cincinnati, Ohio 45242 
(513) 791-3930 


Type of 
Information 
Offered 


Data sheets. 


Data sheets. Catalogs. 


Application notes. 

Article reprints. 

Customer applications 
service. 


Data sheets. Catalogs. 


Application notes. 

Article reprints. 

Data manuals. 

Customer applications 
service. 


Data sheets. 

Short form catalogs. 
Application notes. 
Article reprints. 
Design aids. 


Data sheets. Catalogs. 


Application notes. 
Customer applications 
service. Design aids. 


Data sheets. cag 
. LAs 


C EL 


Data sheets. ae 


Data sheets. Catalogs. 
Application notes. 
Data manuals. 
Customer applications 


service. Design aids. 


Catalogs. Application 
notes. Price lists. 


ELECTRONIC DESIGN 


Transistor 


Show us where you cant 


alford to use silicon power 
and well show you the 


new Bendix B-5000. | 


New manufacturing and packaging tech- 
niques make the B-5000 possible. These 
techniques include new internal device 
element assembly, along with new-concept 
plastic molding operations. The result is 
a simple, low-cost, reliable silicon power 
transistor with no power compromise when 
mounted upon the normal heat sink. 


B-5000’s low cost opens up whole new 
application areas for you. Now you can 
afford to put silicon power to work in 
many industrial and consumer products. 
Lighting equipment, TV sets, audio am- 
plifiers, appliance sensing amplifiers and 
industrial controls, to mention a few. 
Compare the cost of the Bendix® B-5000 
with any other silicon power unit of equal 
rating. You'll discover significant savings. 


Bendix Semiconductor Division 


HOLMDEL, NEW JERSEY 


May 17, 1966 


It costs under 40¢. 


B-5000 offers advances in size, weight and 
thermal resistance. Leads and collector 
strips are a highly conductive material, 
offering excellent solderability, strength 
and ability to withstand flex and pull. 
Plastic encapsulant offers outstanding in- 
sulation resistance, hermeticity, adhesion 
ability and high temperature characteris- 
tics. In no way does B-5000 compromise 
traditionally accepted reliability practices. 


With B-5000 you can tailor mounting tech- 
niques to fit your needs exactly. Depending 
on heat sink, available space and degree 
of assembly line mechanization, B-5000 
can be mounted in the fashion best suited 
to your operation. For example, B-5000 
is readily adaptable to the newer assembly 
solder techniques without degradation. 
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25 watts at 2.5 amps, 
10 volts and 100 C. 


B-5000 lends itself equally well to other 
commonly used production line 
techniques. 


Electrical specifications 


Charac- Test Conditions 


teristic Min Max] TJ 
°C 
0.2 
25 


Vv 
mA 
mA 
Vv : 
Vv 


Absolute maximum ratings 

VCEO =35 volts, IC=3 amps, IB=1 amp, Tstg=—65 to 
175°C, TJ=—65 to 150°C. 

For complete information about the new 
Bendix B-5000 silicon power transistor, 


write to us in Holmdel, New Jersey. 
*In volume quantities 


THE 


end” 


CORPORATION 


Semcor Div., Components Inc. 
3540 W. Osborn Road 
Phoenix, Ariz. 85019 

(602) 272-1341 


Semicon Inc. 
Sweetwater Ave. 
Bedford, Mass. 01730 
(617) 275-8542 


Semiconductor Devices Inc. 
875 W. 15th St. 

Newport Beach, Calif. 92663 
(714) 642-5100 


Semiconductor Specialists Inc. 
5700 W. North Ave. 

Chicago, III. 60639 

(312) 622-8860 


Semi-Elements Inc. 
Saxonburg Blvd. 
Saxonburg, Pa. 16056 
(412) 352-1548 


Semtech Corp. 

652 Mitchell Road 
Newbury Park, Cal. 91320 
(213) 628-5392 


Siemens America Inc. 
230 Ferris Ave. 

White Plains, N.Y. 10603 
(914) 948-3434 


Signetics Corp. 

811 E. Arques Ave. 
Sunnyvale, Calif. 94086 
(408) 739-7700 


Silicon Transistor Corp. 
E. Gate Blvd. 

Garden City, N.Y. 
(516) 742-4100 


Siliconix Inc. 

1140 W. Evelyn Ave. 
Sunnyvale, Calif. 94086 
(408) 245-1000 


Slater Electric Inc. 
45 Sea Cliff Ave. 
Glen Cove, N.Y. 
(516) 671-7000 


Solar Systems Inc. 
8241 N. Kimball Ave. 
Skokie, III. 60076 
(312) 676-2040 


Solid State Products Inc. 
One Pingree St. 

Salem, Mass. 01970 
(617) 745-2900 


Solitron Devices Inc. 

1177 Blue Heron Blvd. 
Riviera Beach, Fla. 33404 
(301) 848-4311 


Sperry Semiconductor 
380 Main Ave. 
Norwalk, Conn. 06852 
(203) 847-3851 


Sprague Electric Co. 

491 Marshall St. 

North Adams, Mass. 01247 
(413) 664-4411 


Data sheets. Catalogs. 


Data sheets. Catalogs. 


Data sheets. Catalogs. 


Data sheets. Catalogs. 


Customer applications 
service. 


Catalogs. 


Data sheets. Catalogs. 


Application notes. 
Data manuals. 
Customer applications 


service. Design aids. 


Data manuals. 


Data sheets. 
Application notes. 
Article reprints. 


Data sheets. Catalogs. 


Application notes. 
Customer applications 
service. 


Catalogs. 


Data sheets. Catalogs. 


Application notes. 


Data sheets. Catalogs. 


Application notes. 

Article reprints. 

Data manuals. 

Customer applications 
service. 


Data sheets. Catalogs. 


Application notes. 
Customer applications 
service. 


Data sheets. 
Short form catalogs. 
Data manuals. 


Data sheets. Catalogs. 


Data sheets. 
Application notes. 
Short form catalog. 


Transistor 


Stewart-Warner Microcircuits 
Inc. 

730 E. Evelyn Ave. 

Sunnyvale, Calif. 94086 

(408) 245-9200 


Sylvania Electric Prod. 
100 Sylvan Road 
Woburn, Mass. 01801 
(617) 933-3500 


Syntron Company 

283 Lexington Ave. 
Homer City, Pa. 15748 
(412) 479-8011 


TRW Semiconductors Inc. 
14520 Aviation Blvd. 
Lawndale, Calif. 90260 
(213) 679-4561 


Texas Instruments Inc. 
P.O. Box 5012 

Dallas, Tex. 75222 
(214) 235-3111 


Transitron Electronic Corp. 
168 Albion St. 

Wakefield, Mass. 01881 
(617) 245-4500 


Trio Laboratories 

80 DuPont St. 
Plainview, N.Y. 11803 
(516) 681-0400 


Union Carbide Electronics 
365 Middlefield Road 
Mountain View, Calif. 94041 
(415) 961-3300 


Unitrode Corp. 

580 Pleasant St. 
Watertown, Mass. 02172 
(617) 926-0404 


Vactec Inc. 

2423 Northline Industrial Blvd. 
Maryland Heights, Mo. 63045 
(314) 432-4200 


Varian/Bomac Div. 
Beverly, Mass. 01915 
(617) 922-6000 


Varo Inc., Special Products Div. 
2201 Walnut St. 

Garland, Tex. 75040 

(214) 276-6141 


Vector Solid State Labs. 
Southampton, Pa. 18966 
(215) 357-7600 


Western Semiconductors Inc. 
2200 Fairview St. 

Santa Ana, Calif. 92704 
(714) 546-2250 


Westinghouse Electric Corp. 
Molecular Electronics Div. 
Box 7377 

Elkridge, Md. 21227 

(301) 796-3666 


Westinghouse Electric Corp. 
Semiconductor Div. 
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power supplies 


Just Dropped $100 


(Con Avionics Has 


When we cut $100 from the going market price for sys- 
tems power supplies, we kept all the features you need most. 


For example, Con Avionics’ new line carries an uncondi- 
tional five year guarantee. It has a Mean Time Between Fail- 
ure of 35,000 hours, calculated according to Mil Handbook 
217. We use silicon transistors exclusively, so the units oper- 
ate to 75°C. They are designed and manufactured to meet 
specifications under the worst possible combination of 
operating conditions. 


The secret to maintaining all this quality at a low price 
lies in designing a systems power supply right from the start. 
Most modules used in high power systems applications are 
just modified lab units. 


But when you design a supply just for systems use you 
worry about things like panel space. So Con Avionics new 
HS supplies are available in rack and half-rack size. You 
can pack 12 volts at 20 amps into 5%” of panel height and 
8” of width. 


And in a system supply you design-in optimum air flow, 
for both vented and forced air cabinets. Our units are self- 
cooled, too. 

Before you buy another power supply for a systems appli- 
cation, remember that the price is now $100 lower than it 
used to be. Call, write, wire or TWX Mr. Gerry Albers at 
Con Avionics for all the details. 


CONSOLIDATED AVIONICS 


800 Shames Drive ® Westbury, L. 1., New York ® 516-ED 4-8400 


Another New Line) 


PARTIAL SPECIFICATIONS 
Input: 105-125 VAC, 47-63 cps 
Regulation: (Line and load combined) +0.05% 
Ripple: 1 mv RMS max. 
Response time: 25 microseconds 


Temperature Coefficient: 0.015%/°C or 
18 mv/°C., whichever is higher 
Temperature: 75°C max. 


The entire voltage range between 5.5 vde and 
51.0 vde is covered in twenty-six models. Cur- 
rents range from 8.0 amps to 46.0 amps. 
Wattages from 104.5 to 816. 


FULL RACK SIZE 


HALF RACK SIZE 


A DIVISION OF : CORPORATION 


ON READER-SERVICE CARD CIRCLE 5 
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Select the best transistor for the job by knowing 
which parameters govern for a given application. Here is 
the lowdown-from dc to RF and low-level thru large signal. 


Modern bipolar transistors, unlike first-genera- 
tion types (devices generally numbered below 
2N700), have been specifically tailored to achieve 
optimum performance in certain applications. The 
key to transistor selection, then, lies in under- 
standing and consulting the parameters which 
reflect a transistor’s suitability for any particular 
application. 

Here is a master chart which shows the govern- 
ing parameters according to major application 
categories. It embraces small- and large-signal 
amplifiers, low- and high-speed low-level switch- 
ing circuits, power switching networks and RF 
power amplifiers. The frequency range runs from 
de to the gigahertz region. 


Application categories narrow the search 


Simply stated, the best transistor for an ap- 
plication is one which performs the intended 
function at lowest cost. Years ago, when nearly all 
transistors were made by an alloy process, 
differences between types could be predicted quite 
readily. Compromises were inevitable; the general 
trade-off was between frequency response and 
power-handling ability. 

For a time, the dream of a universal transistor 
was entertained with the advent of mesa, planar 
and annular types of transistors. But the vision 
never materialized because with each technologi- 
cal advance it was found that transistors tailored 
to very specialized applications could be designed. 
These devices enabled performance in these ap- 
plications to exceed by far all prior expectations. 

To narrow the search for the transistor best 
suited to your application, a key parameter chart 
(see table) has been developed. The chart is 
applicable to the majority of available devices, 
including modern ones made by mesa or passivat- 
ed technologies as well as older types nied by 
alloy and grown processes. 

The following definitions delineate the Japules: 
tion categories. 

# Small-signal amplifiers to 3 Mhz. These devices 
handle small amounts of power, and they need 


William D. Roehr, Manager, Device Characterization Sec- 
tion, Applications Engineering, Motorola Semiconductor 
Products Inc., Phoenix, Ariz. 
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= Low-level, 


\ 


only have a limited frequency response. Operation 
is small-signal, that is, no large excursions of 
collector current are required, although collector- 
voltage swings may be large. 

# Small-signal amplifiers above 30 MHz. These 
devices are similar to those above but are primar- 
ily intended for RF applications. There are some 
differences in the significant characteristics, par- 
ticularly in gain, noise and age. 

= Low level, low-speed switching and large-signal 
drivers. These cover switching speeds or am- 
plification at frequencies below 1 MHz. They are 
generally of the same type as those in the first 
category, but additional specifications such as 
saturation voltages and response times are needed 
to define switching and large-signal performance. 
high-speed switching. Devices in 
this group are typified by a high f,; value (> 50 
MHz, generally) and a low storage time. 

=» Large-signal amplifiers and power switching. 
Representative devices have a dissipation figure in 
excess of five watts at a 25°C case temperature. 

= RF power amplifiers. Devices in this category 


“Why settle for second-best?’’ Pick the optimum transis- 
tor type for your application by using author Roehr’s 
guide to distinguishing between bipolar devices. It shows 
where and why transistors can and should be used. 
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are especially designed for use as power amplifiers 
and oscillators at frequencies exceeding 10 MHz. 


Gain: major factor in small-signal amplifiers 


In small-signal amplification to 30 MHz, the pri- 
mary characteristic of the amplifier is the power 
gain of the circuit. The power gain of an amplifier- 
operated common-emitter with no circuit feedback 
is easily determined from the transistor h parame- 
ters :? 


Bey Ng 


GT ph Re ane,” 


(1) 
where RF, is the load resistance, h;, the small-signal 
current gain (8), h,- the input admittance and hi. 
the input impedance. Note that Ah is the determi- 
nant of the hie—hje—Nre—hoe matrix where h,- is 
the voltage feedback. ratio. In many cases Rh, << 
hoe, SO that Ah and gain may be approximated by? 


G= h a (2) 


At low frequencies, input impedance h;. may be 
written as 7",+h;-7-, so that Eq. 2 may be further 
simplified to 
G=h if | (3 
= ‘fe Bs ws (7'5/ Rye) ? ) 
where 7’, is the transistor base resistance, and r, 
the transistor dynamic emitter resistance. A 
transistor stage has a power gain equal to the 
product of a current gain and a voltage gain. 
Parameter h;. establishes the current gain and the 
resistances (primarily the R,/r. ratio) determine 
the voltage gain. 
The actual amplifier design can proceed once 


This micropower switching transistor geometry is the 
2N3493 device (Motorola). Featuring input and output 
capacitances of 0.7 pF, the transistor itself is in the 
rectangular-shaped overlap area between the circles. 
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the h parameters as a function of the operating 
point and some data on their inter-relationships 
are known. This information is usually found on 
the curves of a transistor data sheet. 


Frequency response: a figure of merit 


Second in importance only to gain in small- 
signal amplifiers is the frequency response. Here 
the gain-bandwidth frequency (fr) is of prime 
interest.2 It serves as a very useful figure of 
merit. 

To calculate circuit cutoff-frequency, the capac- 
itance from base to collector (C,,) must also be 
considered. For a common-emitter amplifier 
without degeneration, the response will be down 3 
dB at the critical frequency given by 


Fol Rge 
f,~ eet SPE AES (A) 
2 fp Cop 
Older specification sheets generally use the term 
“beta-cutoff frequency,” fae, Which is related to f, 


by 
fae ~ fr/hye. (5) 

In the front ends of preamplifiers, the 
noise figure is all-important. Noise will be lowest 
for transistors having high h;. and low 7”, values. 
Designing for low noise is usually quite involved,’ 
but helpful data sheet design curves are usually 
supplied. If it is not specified, assume that the 
transistor will usually be too high to be satisfac- 
tory for first-stage preamplifier operation, parti- 
cularly when low frequencies are to be handled. 

Aside from gain, frequency response and noise, 
there are a number of other, in general, secondary 
parameters that must be considered. 

For linear operation, the available voltage 
swing must generally be confined. This avoids 


A ring-dot geometry is exhibited by the 2N3783 bipolar 
transistor. Suitable for very low-noise RF amplification, 
this Motorola device has a maximum noise of only 2.2 dB 
at 200 MHz. The yolk-colored pattern is the base area. 
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distortion due to saturation in the low-voltage 
region and avalanche effects in the high-voltage 
area. The guideline to follow—since linearity is 
seldom specified—is to take the specified value of 
Vez and nine-tenths of Vozo as suitable limits 
for load-line excursions. 

Even though small-signal amplifiers dissipate 
low power, the power-dissipation rating at am- 
bient temperature and the maximum junction-tem- 
perature rating deserve some attention. In addi- 
tion, although the Is leakage current is negligible 
in modern silicon transistors, it is large enough to 
cause stability problems in germanium types; where 
it, too, must be taken into account. In all transis- 
tors, the variation of base-emitter voltage and cur- 
rent gain as a function of temperature directly af- 
fects stability,* although Vzz and h;- were neglected 
in older treatments of the subject because the 
effect of Ic¢zo was so much greater. 

Devices classified as general purpose transistors 
will perform best in audio and video amplifying 
applications. In general, the best present types are 
silicon pnp passivated units, as they have the flat- 
est curve of h;- vs Ic and the lowest noise. 

Engineers occasionally stretch a point in their 
search for a universal device. They may use a 
transistor which has been optimized for some 


Key parameters based on application 


Device types 


Alloy (GPA or GPS) 


Grown, mesa Small-signal 
Planar amplifiers 
Annular (no gold) (to 30 MHz) 


(standard diffusion) 


Drift, mesa 
Planar 
Annular 
(RF diffusion) 


Small-signal 
amplifiers 
(above 30 MHz) 


Low-level, low- 
speed switching 
(to 1.0 MHz); 

Large-signal 

drivers 

(below 30 MHz) 


Alloy, grown (no gold) 
Mesa 
Planar 
Annular 


Mesa gold-doped 


Low-level, high- 


Planar or roe 
Annular low-voltage aks ee 
(standard diffusion) - . 


Large-signal 

amplifiers; 
Power-switching 
(below 10 MHz) 


All power types with 
standard base diffusion 


Power-class 
amplifiers; 

Oscillators 

(above 10 MHz) 


RF types only 
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Required specification ratings 
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other function in a small-signal amplifier applica- 
tion, just because the device is handy, or economi- 
cal in large quantities. This may be foolhardy. For 
example, both silicon and germanium transistors 
intended for high-speed switching or RF am- 
plification are poor choices as general-purpose 
devices. The switches, if made of silicon, will be 
gold-diffused to reduce storage time in saturated- 
mode switching service. This manufacturing 
practice causes the h;. to be low and to fall off at 
low current, and also produces high leakage cur- 
rents and high noise. A germanium-type switch is 
a poor choice because of low voltage-ratings and 
relatively high leakage currents. Similarly, the RF 
device will exhibit low gain at low frequencies and 
its h.; is often very sensitive to changes in J, and/ 
or Vor. : 


Oscillation frequency index of RF performance 


RF small-signal amplifier applications require a 
new look at the gain and frequency parameters. 
The characteristics of importance in the RF region 
are in general quite different from those in the 
audio realm. Here too, gain is important, but the 
best indicator of it in the high-frequency region 
above the beta-cutoff frequency fae iS fmaz, the 


Characteristics limits 
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maximum frequency of oscillation.® 
The power gain at high frequencies for practi- 
cal amplifiers is given as 


Sr 
moe Gn (6) 
8:7 f2: 7 C . 


where f, is the gain-bandwidth product, f the 
frequency of operation, 7’, the base-spreading 
resistance and C,, the collector-base feedback 
capacity. The maximum frequency of oscillation, 
fmaz, May be found by solving Eq. 6 for the fre- 
quency where power gain is unity. This yields 


igse Veco Ao 


Note that power gain will increase at the approxi- 
mate rate of 6 dB/octave as circuit operation is 
shifted down in frequency from fmaz. Precise 
calculations can be made by using the two-port 
admittance parameters provided on the modern 
data sheet. 

Once again, for the input stages of a system, 
noise figure is important.’ As with audio amplifier 
types, devices that do not have a specified noise 
figure will probably not be suitable for front-end 
operation at vhf and uhf. 


G 


Agc is a bias factor 


RF devices generally exhibit a maximum gain 
when operated at certain bias conditions. Many 
transistors are designed to have special automatic 
gain control (age) characteristics, so that gain 
decreases at a certain rate in relation to changes 
in the dc bias. 

The gain may be reduced by decreasing the 
collector current (reverse agc), or increasing the 
collector current (forward agc). All transistors 
are capable of reverse-agc operation, whereas a 
forward age characteristic is obtained only by 
special device design. Forward-age operation is 
suitable only at frequencies above fae; reverse age 
may be used at any frequency. Forward age has 
the advantage of an increasing signal-handling 
capability with rising input signal. This age 
information is usually supplied for devices which 
are designed for particular use as gain-controlled 
amplifiers. 

Other characteristics to be considered include 
the breakdown-voltage rating, Vero, because it 
comes into play when choosing power supply 
voltages, and allowable output-voltage swings. 
Ambient-temperature power rating and _ the 
junction-temperature limit are of only passing 
interest. This is because RF applications are 
typified by low power-dissipation figures. Func- 
tional tests of gain and noise, as specified on some 
data sheets, show the optimum operating point 
and are an excellent guide to whether the device 
will be suitable for a given application. 

As for the matter of “universality,” the RF 
device is most emphatically a special product. 
General-purpose and switching transistors are not 
nearly as suitable in RF applications. In general, 
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the gain of these units will be very low, they will 
be unstable, and they will exhibit high noise. 


Saturation, dc modes set switching stage 


In low-level, low-frequency (= 1 MHz) switch- 
ing, many of the characteristics specified for most 
modern devices must be weighed. The same type 
of transistor that makes a good audio amplifier 
may very well serve as a good switch. 

Here, specifications additional to the audio 
figures are required. Of primary importance in a 
switching system is the gain of the stage which 
approaches the de gain (hpz). Also, because most 
devices operate in a saturated mode, the satura- 
tion voltage is of considerable interest. It sets a 
system-voltage level and largely determines the 
power dissipation. 

Finally, the remaining set of major parameters 
is the switching times.* Included here is the stor- 
age time, for in the case of the older, alloy-junc- 
tion devices, it can be lengthy. Nearly all modern 
types of transistors, however, have storage times 
which are quite small by comparison; they are 
therefore suitable for low-speed switching cir- 
cuits. It is nonetheless desirable to have a storage 
time (t,), specification, which is approximated by 


Pe ae We 


t, =7,10 7h + Tn)? (8) 


where 7, is the storage-time time-constant, J,, the 
turn-on base current, J,, the turn-off base current, 
I; the collector current and h,y, the de current 
gain. Equation 8 is helpful in estimating storage 
time at a point other than the one specified on the 
data sheet. For alloy devices, Eq. 8 holds quite 
well; for modern devices, it is found that 7, varies 
somewhat with /,. In the latter case, Eq. 8 may 
result in an error of 2:1 and therefore should not 
be used indiscriminately. 

Another figure of merit is the sum of the rise 
and fall times. An index of the rise-and-fall-time 
values can be obtained from f; and C,». Parameter 
fr predominates in the rise-time equation in the 
high-current region, while output capacitance C,, 
is paramount in the low-current region. To pre- 
dict rise time, t,, both parameters must be known 
and used in: 


Tolley 
“= (aq + Ce) (T=TBigks) © 


In Eq. 9 fr is the gain-bandwidth product, R, the 
load resistance, C,, the collector-base capaci- 
tance, I, the collector current, J;; the base cur- 
rent and hy, the de current gain. 


Load line control is essential 


The expression is reasonably accurate provid- 
ing that I¢/Ip, < hpz/2. In applying it, the Iz, 
value must approximate a step of current, R, 
should be a pure resistor and the values of f7 and 
C.» must be averaged over the load line used. 
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The voltage breakdown rating, Vero, usually 
proves to be the best indicator of an upper voltage 
limit. But in many cases, careful control of the 
load line and the reverse bias placed on the tran- 
sistor makes it possible to switch voltages up to 
the Voxo rating.’ 

For switching applications such as multivibra- 
tors and flip-flops, where capacitors are used in 
the base-coupling circuit, the Vzezo rating must 
be known, as it is quite easy to exceed this limit 
inadvertently. 

The rated dissipation at ambient temperature 
and the maximum junction-temperature limit 
rate attention, but are not of prime importance, 
because the power dissipated here is fairly small. 

The leakage currents of germanium and silicon 
devices may be a selection factor. In today’s silicon 
transistors they are so low that they are not of 
design significance. On the other hand, the leakage 
of germanium devices may prove troublesome. 

Silicon transistors are generally preferable to 
germanium types in switching applications be- 
cause the former have a higher V,, turn-on 
voltage. This and their lower leakage currents 
make it easier to maintain the cut-off state. 


Storage time a key in high-speed switching 


The characteristics of importance to high-speed 
switching applications are essentially the same as 
those in the previous group. But there is greater 
emphasis on the storage-time specifications, since 
they prove to be a primary limit on how fast a 
logic system can operate. 

To achieve low storage time, the recommended 
devices are low-voltage germanium or gold-doped 
silicon units. These transistors are generally un- 


This power transistor features an isolated collector. Shown 
before being sealed, this semiconductor type (2N1724) 
unit comes in a TO-61 package. 
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suitable for applications other than switching. Sili- 
con npn types achieve the fastest switching. 

Designers are sometimes tempted to use an RF 
transistor in a switching application. The results 
are disappointing, for RF devices have low Vazo 
ratings, low hp, values, high storage times and 
poor saturation characteristics. 


Power rates high in large-signal amplifiers 


In large-signal amplification, large amounts of 
power are handled and the power rating of the 
transistor at a specified case temperature becomes 
of paramount interest. The voltage which it can 
tolerated, as indicated primarily by the BVeuo 
rating, is also of great importance. The other 
voltages normally mentioned on data sheets gen- 
erally do not greatly affect these applications. 

In such devices, the edge of the saturation 
region, as evidenced by the knee in the collector 
V-I curve is significant. This is particularly so for 
the linear power amplifier, as it is obviously desir- 
able to handle current peaks and voltage excur- 
sions as close to the saturation region as possible 
for maximum efficiency. Edge of saturation infor- 
mation can often be obtained from data sheet 
curves. In power transistors, saturation will often 
occur when Voz > Vaz. 

These power units are also used in power- 
switching, where many of the characteristics that 
are of consequence are the same parameters that 
govern in low-level applications. In this category, 
storage time may also limit the speed at which 
switching can be handled, although speed itself 
is usually not of primary importance. 

Rise time at high currents is a major interest, 
but because of the current range over which these 
devices are switched, the use of fr measured at a 
single point does not correlate with measured rise 
time if fitted to Eq. 9, and the rise-time spec- 
ifications and curves must be used. Gain (hrz) 
matters because efficiency is a prime considera- 
tion, and so too does saturation voltage because of 
the large currents usually handled. The product 
of the current and saturation voltage largely de- 
termines the power dissipation and dictates the 
requirements for the heat dissipator. 


Current excursions modify frequency response 


A common denominator for both large-signal- 
amplification and power-switching applications is 
frequency response. The gain-bandwidth frequen- 
cy (fr) serves as an indicator of amplifier high- 
frequency response, but as with switching service, 
the amplifier’s large current excursions cause 
discrepancies. When attempting to calculate 
frequency response, Miller effect due to Cy 
should be considered as well as fy. 

Generally, better amplifier performance predic- 
tions can be obtained from proper use of the tran- 
sistor switching data. If rise-time data is plotted 
as a function of J, with Voz as a parameter (under 
the condition I¢/Ip, << hp), a large signal cut- 
off frequency can be found from 
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In Eq. 10, f, is the large-signal common-emitter 
cut-off frequency and J, the ON collector current. 
Parameter t, is the rise time obtained from 
switching data at the collector current (J;) and 
voltage swing of interest. Note that Vc, of the 
switching test is the same as AV¢, in amplifiers, 
and Toon) Of the switching test corresponds to 
T¢cpx) In amplifiers; hp; is the transistor de current 
gain and J;, is the turn-on base current used in the 
switching test. 

Flat curves of hr; vs Ic are desirable for silicon 
transistors, as they are commonly driven from 
high-impedance sources to obtain the best thermal 
stability and the lowest distortion. For germani- 
um power transistors, a low-impedance drive 
circuit is required to achieve the same ends, so 
that a flat curve of transconductance vs collector 
current is needed.’ 

An extremely important characteristic of power 
devices is the safe operating area.1' Data are 
usually presented in graphic form showing per- 
missible regions of V¢,-J;, operation as a func- 
tion of time. Unfortunately, safe area does not 
correlate very well with the power ratings based 
upon thermal resistance. All the same, safe area, 
not power rating, is more often than not the 
arbiter of power-handling ability, and therefore is 
the prime concern. 


(10) 


Functional tests guide RF operation 


RF operation creates conditions such that 
conventional parameters simply give no indication 
of a particular transistor’s suitability. The only 
way to select devices, then, is to refer to the func- 
tional test on the manufacturer’s data sheet. Here 
you will find the power gain at a given power 
output under the optimum conditions for which 
the devices were designed. 

Bear in mind that the BVozs voltage rating 
has proved to be the most useful single voltage 
rating for RF power transistors. As in low-fre- 
quency power applications, the edge of saturation 
is significant and so is safe area information. 
Secondary considerations are the maximum tem- 
perature rating and 25°C case power-dissipation 
rating. When designing the tuning circuit, output 
capacitance C,, must be known. 


Sewing up the tailored device choice 


A theme of this discussion has been that there is 
no universal transistor. It is wisest to select tran- 
sistors with specifications tailored by the manu- 
facturer to a given application.’? 

It is found, for example, that devices intended 
for high-speed, low-level saturated switching 
service possess very high noise figures and very 
low gain as audio-frequency amplifiers. Germani- 
um switches, made from low-resistivity material 
to achieve low storage time, similarly should not 
be used indiscriminately in audio amplifiers. 

Devices intended for RF applications are de- 
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Pick the right device! When faced with a number tran- 
sistor geometries, cans, etc., to choose from, use the key 
parameters as a guide to application. 


signed to have very low base-spreading resist- 
ances. For this, a diffusion profile in the base is 
made to have an average low resistivity. As a 
result, the input capacity is rather high, the cur- 
rent gain very low, rendering this type of device 
unsuitable for audio and switching applications. 

Conversely, the switching device, designed to 
have a high emitter-breakdown voltage and a low 
input capacitance, will have a high-base-spreading 
resistance. This results in low power gain and 
high noise when it is operated as an RF amplifier. 
In the power area, too, the same types of trade- 
offs are evident. = = 
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NEW TWISTER... 
ACCURATE TIME/COUNT CONTROL 


New and consistently better! At the left is 
the new face of our famous Microflex® reset 
timers and counters. High-visibility, direct 
reading dials enable you to make highly accu- 
rate settings, easier! The larger, 20-turn scale, 
for example, may be in minute divisions with 
the inner in seconds. Settings as short as /,oth 
of a second with + '/oth second accuracy are 
readily obtained. Other dial selections to 120 

MINUTES hours are available. After the desired pre-set 
time period, a variety of 15 amp. contacts can be 
opened or closed to control motors, solenoids, 

SECONDS valves, etc. Uniform new lettering and attractive 
neutral grey color make units compatible with 
all other Eagle Signal types and with your most 

New Microflex advanced machine designs. For full details about 
nt ag these new timers and counters, use Reader 
accurate Service Card, circle number 91. _ 


settings, 
easier! 


”-TURN...TURN...TURN... 


HZ60A6 CLUTCH 


COUNTER 


And not one turn too many! The operating characteristics of radio tuning 
coils depend on precise winding techniques. The Man from E.A.G.L.E. did a’ 
good turn for a leading manufacturer when he suggested the system shown 
above. Using a Microflex counter, variations in motor speed resulting from 
wire tension changes are taken care of .. . and an accurate product Is 
produced each time. The operator merely needs to set the high-visibility dial 
and press the button. The arbor turns the pre-set number of revolutions and 
stops automatically. In this system, the Microflex counter controls brake, 
clutch and motor. Complete information is in Bulletin 730. For a copy, use 
Reader Service Card, circle number 92. 


FILL’ER UP... 


And not one ounce too many! A leading fo 
manufacturer presented the Men from EACLE with the 
packaging requirement shown at the left. This manufac- 
turer wanted to accurately fill containers. A versatile 
Microflex timer was the answer. It moves the containers 
Te eee oe an ene advancing them by the 

chnique. The limit switch in thi 
RESET TIMER activates the Microflex which controls ea ied 
motor circuits. An accuracy of '/;9% of full scale is con- 
sistently maintained and the manufacturer can vary the 
container sizes and amounts he wants them to carry 
Intriguing? Write for Bulletin 110 for full data Use. 
Reader Service Card, circle number 93. 


The Man from E.A.G.L.E. would like you t i 
,E.A.G.L.E. o see h - 
plete ‘‘showcase”’ of process control eae. May we “end 
you ie eee For your copy, use the handy Reader Serv- 
ae ae 2 Seer pa. 5 or write directly to Eagle 
, E. W. Bliss Co 
Ges aa Sab. mpany, Federal Street, Dav- 
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ELECTRONIC DESIGN 


UNDERCOVER OPERATOR 


22AP Plug-in General Purpose Relay 


F 


.. thee 
ship 


Y craftsman- 
le to the Nth 
Oads to 10 amps. Avail- 
8- and 11-pin styles for AC, 


DC and plate circuit 
re 
eatures include: forms Petts 


to 3PDT plus 


Specials on request; standard unj 
Li gold-plated contacts for toner 
Shelf life; lower pull-in voltages (DC: 


0% of nominal, AC: 75% 


© Of nomi- 


nal); AC Operating voltages 0.5 to 


0, DC 0.2 to 130 
from .005 to 10 


In Current ranges 
amp. Complete in- 


formation is in our new relay bulle- 


tin. For your copy, use R 
ice Card, circle nlhitise eal a 


full tech 


SPECIFICATIONS 
® Contacts: SPDT, DPDT, 3PDT 
® Contact Rating: 5 and 70 amps. 
© Pull-in: 20 milliseconds average 


e Dr Op-out Speed. 72 NIMS Ex on 
. ft ///, 
‘ e ds 


® Size: 1% "X 2Y,*x 1%" 


@ Weight: 3 ounces 


POWERFUL PARTNER 


% of nominal, AC: 
; AC Operating volt- 
C 1 to 130 in Cur- 
ges from .02 to 10 amp. For 


Other Ea hel 


RELAY DESIGNERS’ 


25AA Open Frame General Purpose Relay 


ag 


Ask the man from E.A.G.L.E. to open 
his “‘showcase”’ of ideas for you. 
Many can help solve your process 
control problems. Want our com- 
plete catalog? Use the handy Reader 
Service Card, circle number 98 or 
write: Eagle Signal Division, E. W. 
Bliss Company, Federal Street, Dav- 
enport, lowa 52803. 
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yS, use 
nd circle 


RELAY 


. .. and boy what a relay it is! Ver- 
satile, dependable, economical. You’ll 
find hundreds of uses for these 5 or 
10 amps., UL listed high-reliability 
types. Standard units have gold- 
plated contacts which permit longer 
shelf life. Other significant features 
include: lower pull-in voltages (DC: 
70% of nominal, AC: 75% of nomi- 
nal). AC operating voltages 0.5 to 
250, DC 0.2 to 130 in current ranges 
from .005 to 10 amp. Detailed speci- 
fications on these and other Eagle 
Signal general purpose relays are 
given in a new technical bulletin. For 
your copy, use Reader Service Card, 
circle number 97. 


SPECIFICATIONS 
® Contacts: SPDT 
® Contact Ratin 


VAC 60 cycle 
115/230 VAC 


9: 20 amps. 115/230 
resistive e 7 HP @ 
Motor-inductive 

® Pull-in: 50 Milliseconds max, 


® Drop-out Speed: 30 n 


villi 
ea /liseconds 


© Size: 24" x 1%" x ny« 


© Weight: 3 ounces 


SPECIFICATIONS 


@ Contacts: SPDT, DPDT, 3PDT 


@ Contact Rating: 5A and 10A @ 715 
VACe@5A-1/10 HP @ 115 VAC, 1/6 
HP @ 230 VAC@10A-1/6 HP @ 715 
VAC, 1/3 HP @ 230 VAC 


e Pull-in: 22 milliseconds average 


e Drop-out Speed: 72 milliseconds 
average 


e Size: 144" x hy" x 14" 


¢ Weight: 2 ounces 


EUS [EAGLE SIGHAL 


A DIVISION OF THE E. W. BLISS COMPANY 
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How to use the charts 


A tint pairs the transistor type with 
the value of its key parameter for most ap- 
plications in each transistor category. De- 
vices are listed in order of increasing value 
of that key parameter. Note, however, that 
since various manufacturers may character- 
ize their types differently, some “‘jumps” may 
take place in the sequence. Consider, for ex- 
ample, a type in the high-frequency category. 
Its key characteristic will be fae or fr (values 
of fr are preceded by a single asterisk). But 
fae is the frequency at which h;. drops to 
0.707 of its low-frequency value, and fy, is 
the gain-bandwidth product, or the product of 
h;- and frequency at a point where h,;,. is 
dropping by 6 dB per octave. Thus, fr is about 
h;- times greater than foe for a given type. 

Under maximum ratings, manufacturers 
were asked to specify collector power dissipa- 
tion at 25°C case temperature, this general- 
ly being the most meaningful single rating. 
The derating factor can then be used to esti- 
mate P,. for other operating temperatures. 

Either Vergo or Vezo is listed as a maximum 
voltage rating. Vero is related to collector- 
emitter diode breakdown and Vez to col- 
lector-base diode breakdown. But bear in 
mind that many manufacturers’ data sheets 
will list other important voltage ratings, such 
as Vong or Vcrr. 

Under characteristics, ELECTRONIC DESIGN 
asked manufacturers to supply typical values 
—maximums, minimums or spreads. Where 
deviations from this occur, they are noted. 

Finally, a word of caution: the character- 
istics listed serve primarily as a guide and 
generally should not be used exclusively for 
direct comparison of types. This is because 
it is impossible to list the wide variety of test 
conditions under which characteristics have 
been measured. Voro, for example, can differ 
considerably for comparable devices when 
measured at a collector current of 100 »A in 
one case and 1 mA in another. The best bet 
is to consult the manufacturers’ data sheets 
before making the final selection. Also, scan 
the articles that preface each listing section. 
Each article contains important information 
about parameter evaluation. 


Key to Symbols 


= small-signal short-circuit forward 
current transfer ratio cutoff fre- . 
quency (commont-emitter) 


= small-signal short-circuit forward 
current transfer ratio cutoff frequen- 
cy (common-base) 

= gain-bandwidth product 

= collector power dissipation (aver- 
age) 
junction temperature °C 

= derating factor 


= max collector voltage, collector to 
emitter, base open 


= max collector voltage, collector to 
base, emitter open 


= max collector current 


= max collector current (peak) 

= small-signal short-circuit forward 
current transfer ratio (common- 
emitter) 

=dc_ short-circuit forward current 
transfer ratio (common-emitter) 


= collector cutoff current (dc), emitter 


open 
= output capacitance (common emit 
ter) 
= output capacitance (common-base) 
= rise time 
= storage time 
Vorisat) = Collector-to-emitter saturation volt- 
Eu age transconductance 
Vp = pinch-off voltage 
logs = zero-bias drain current 
BVico =drain-gate breakdown voltage with 
gate-source open-circuited 
BVics = breakdown voltage from drain to 
gate with drain shorted to source 
= common source short-circuit input 
capacitance 


= noise figure 
intrinsic standoff ratio 
= max emitter reverse current 
= max peak point emitter current 
= max emitter saturation voltage 
min emitter reverse voltage 
min base one peak pulse voltage 


ELECTRONIC DESIGN 


(ACTUAL SIZE) 


Molitron 


announces a family of 


90 Amp NPN Silicon Planar 
Power Transistors featuring 


fast switching, high voltage 
capabilities with 
Pr=350W @ 25°C! 


DESIGN LIMITS PERFORMANCE SPECIFICATIONS 


BVcgo Veeco BVeso Vee (sat) Vee (sat) 
Type (sus) 
esr gM 


MHT8920 
MHT8921 


lc = 50A, Ip =10A RATED 


TRANSISTOR DIVISION 


olitron DEVICES, INC. 


1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 848-4311 / TWX: (510) 952-6676 


Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated 


Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and High-Pac Interconnection Systems. 


ON READER-SERVICE CARD CIRCLE 6 
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Key to Transistor Types 


Construction Grown diffused 
Grown junction 


Annular epitaxial 
P Rate grown 


Meltback 
Micro-alloy diffused base 
Mesa 


Alloy junction 
Alloy diffused 
Double diffused 
Grown diffused 


Planar epitaxal 
Diffused junction 


Planar 
Diffused mesa 

Surface barrier 
Double-diffused mesa sd 
Surface precision alloy 


Triple-diffused planar 
Past alloy diffused technique 


Diffused planar 
Drift 
Electro-chemical diffused-collector 


Epitaxial mesa 
r Materials 
Epitaxial 


Fused alloy germanium 
Fused junction _ Si silicon 


New DC Scope! |FREE_ FOLDER 
... the Heathkit 10-14 


¢ Sets New Standard for Per- 
formance & Value... $299.00 aig 
Kit . . . $399.00 Assembled gemma 
e DC to 8 mc Bandwidth—0.04 
usec. rise time e Calibrated 
Vertical Attenuator — .05 v/cm 
to 600 v. (max.) Input e Trig- 
gered Sweep — 18 calibrated 
rates e Delay-Line Vertical 
Amplifiers for Fast Rise Signal 
Analysis e Electronically Regu- 
lated Power Supplies — Forced 
Air Cooling e Built for Continu- | 
ous-Duty Industrial & Lab Use 


A 5” DC scope with calibrated 
time base & 5X sweep magni- 
fier. For 115/230 volt, 50-60 
cycle operation. 

Kit 10-14, 45 Ibs..... $299.00 
Assembled IOW-14, 


Brand new six page folder in color describes a com- 
plete line of Eccoshield products to combat RFI— 
conductive plastic sheet and gaskets, adhesives, coat- 
ings, caulking compounds, metallic foil—the works. 


This valuable Folder is yours 
1 Heath Company, Dept, 60-5 ] i a A 
[ FREE CATALOG! Benton Harbor, Michigan 49022 | Write or use Reader Service Card. 
© Full (1 Please send FREE Heathkit Catalog & 
| Serena Information describing the New | EMERSON & CUMING, INC. 
= Over 250 Heathkit 10-14 Oscilloscope ee | + (Gaalon: Maseuchucent 
Heathkit C Enclosed is $_______, plus shipping. ’ eh teeth 
Electronic Please send model IC, | ° 604 W. 182d St., Gardena, Calif. 
Products Name | * 9667 Allen Ave., Rosemont, Ill. 
Address | : 
City2 ew 2S States = S =Zip Emerson & Cuming Europe N. Y. 
Prices & specifications subject to change without notice. TE-141 


Oevel, Belgium 
ON READER-SERVICE CARD CIRCLE 7 ON READER-SERVICE CARD CIRCLE 8 
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Manufacturers and their lines 


— High- — ce a sei Spee Field-Effect Unijunction 
eer ae WT a 


re 
a se eee 
mo tea. Le ee 
a A 
one 


oie ae ee 

co. | a er es aoe 
ec a a ee ee 
Goce a a ee ee ee 
Peo a a ee eee ee eee 
peo ye ae ee eee ee ee ee ee ee 
yak: ce ee Soe es a 
| ATT Sealers Steg Sneed a | eee es oe 
Industro Transistor | IND ee se ee RS eee BESS Se ee 
————————— 
iS a ew. aes RR ee I TEN eR Lee Cee 
Deena See On Se Oe Re RR eee | eee eens 
peme  t 
ru eee 8 ee ie ec ere 
eee ee oe ee 
une We eese en Eee ee 
Rel See ae ieiaae BSpierais Onn eee carer Rereen CaaS 
BS ES Ie ee ees ae ee 
Hi Se oe ad eS ae ees (Sas 
FS as a eee ee de es ee 
El a ee ae as Ee ee 
Bi a ee ee es ea ee 
Bee) El a a a ee ee ee 
am fe 
Bi ee rs a a ee Dee ed 
| Sanaa cee nee er 
ees ee Se Ro Bons Busi 

FS SO sc SE a Ge pe ee eee Pe 
ee Se a a es ES ees oes eet ee 
a ee 2 es a a eee, Si es ee ee 
Meee erro 2 Spel ee ee al 
Fe SRR ioe os SR a Ges Para lacie ee 
Pee PG ais ce | sy le ede oe ene 
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Audio and General Purpose 


Mostly audio and general-purpose types handling less than one watt. 
Listed in order of increasing forward-current transfer ratio. 


CHARACTERISTICS 


MAX. RATINGS 


Package 
Outline 


2N1439 “il a 
2N1223 T, SPR 

Al NS-664 Industrial Type 
NS-668 Industrial Type 
2N927 


CT, SPR 
CT, SPR 
AMP, CT, SPR 
AMP, CT, SPR 
CT, SPR 


TR, NA, ETC 


2N935 
2N938 
2N1024 
2N1025 
2N1028 


2N1154 
2N1155 
2N1156 
2N1220 
2N1222 


2N1586 
2N1587 
2N1588 
2N332A 
2N1440 


FOwWwW wwwrw 


oo 


www wo 


npn,DG,si 
pnp,A,si 


2N2673 pnp, DG, si 
2N1394 pnp,ge 
2N1408 pnp,AJ,ge 
2N1643 pnp,si 


2N1672A npn,AJ,ge 


BCZ12 pnp,AJ,si ] 
2N925 pnp,A,si - SPR 
2N470 npn,PL,si 8 
2N471 npn,PL,si 8 
2N472 npn,PL, si 8 
A4 
2N472A npn,PL,si 8 5 
2N1082 npn,PL,si 17, 5 
2N102 - 13 
2N117 - - TR 
2N332 - 5 | GE; TR 


2N1474 


2N1476 

2N756 npn, DM,si 
2N756A npn, DM, Si 
2N923 pnp,A,si 


A5 
NS-731 npn, DM,si Industrial Type 
NS-733 npn, DM, si Industrial Type 
2N1149 npn, si TR 
2N726 npn, si 
2N1248 npn,PLE,si GE 
2N1311 npn,AJ,ge Tl 
2N 1655 pnp, si CT, SPR 
2N2177 AJ CT, SPR 
2N2178 AJ CT, SPR 
2N2370 pnp,A,si Low Level, Low Noise, AMP, CT 
AG SPR 
2N2372 pnp,A,si Low Level, Low Noise, CT, SPR 
2N2391 pnp,si 
BCY30 pnp,AJ,si 
BCY33 pnp,AJ,si 
BCZ13 pnp,AJ,si = Sub min case 
2N529 - 5 
NS-663 pnp, A,si 5 Industrial Type 
NS-667 pnp,A,si 18 Industrial Type 
MA885 pnp,AJ,ge 5 tfab 
A7 
2N243 - TR, NA 
2N936 18 CT, SPR 
2N939 18 CT, SPR 
2N1026 5 CT, SPR 
5 CT, SPR 


2N1027 


(see pages 4-9 for explanation of company abbreviations.) 
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Audio (continued) 


A8 


A9 


A 10 


All 


Al2 


A13 


MAX. RATINGS CHARACTERISTIC 

Ti CEO . ae 
Type re F CBO co T 
No. © Type Cc mW/'C | (Y) (uA) 


2N1219 1.67 
2N1221 1.67 
2N1474A 1.67 
2N1441 2.25 
2N757 npn, DM,si 25 
2N333A npn,DG,si 3.33 
2N2674 npn,DG,si 1.66 
2N928 pnp,A,si 85 
2N334A npn,DG,si 3.33 
2N758 npn, DM,si 25 
2N758A npn, DM, si 2.5 
2N734 npn, si 3.33 
2N738 npn, si 3.33 
2N1273 pnp, ge 2:5 
2N1274 pnp, ge 2.5 


2N1310 npn,AJ,ge 
2N1312 npn,AJ,ge 
2N1372 pnp,ge 
2N1373 pnp,ge 
2N1380 pnp,ge 


2N1381 


pnp, ge 


2N1383 pnp,ge 
2N1445 npn, si 
2N1564 npn, si 


2N1572 


2N1672 
2N2371 


2N2373 
2N3579 


npn, si 


npn, AJ,ge 
pnp,A,si A i Low Level, Low Noise, AMP, CT, 


SPR 
pnp, A,si d Low Level, Low Noise, CT, SPR 
pnp, EP 


2N3877 npn,PL, si 
2N3877A npn,PEP,si 
A130 npn,PL,si 
A310 npn,PL,si 
A311 npn,PL,si 
BCY38 » pnp,AJ,si 
2N530 - 

2N2042 pnp,AJ,ge 
2N2042A pnp,AJ,ge 
2N926 pnp,A,si 


2N339A npn,PL,si 
2N340A npn,PL,si 
2N341A npn,PL,si 
2N118 npn, Si 

2N333 npn, si 


2N1150 npn, si 
2N924 pnp,A,si 
NS-662 pnp, A,si 
NS-666 npn, A,si 
2N330A pnp, si 


2N563 


TR 


Industrial Type 
Industrial Type 
SSD, AMP, CT 


pnp, AJ, ge 


2N564 pnp,AJ,ge 
2N1589 npn,si 
2N1590 npn,si 
2N1591 npn, si 


2N1623 pnp, si 


2N2304 npn,PL,si 
2N2617 pnp, si 

2N2831 npn,PE,si 
BCY31 pnp,AJ,si 


BCY34 pnp,AJ,si 

$A2253 npn,si 

2N531 - 

2N658 pnp,AJ,ge 

2N306 npn, AL,ge *25-125 


2N2860 npn,PE,si * 256125 

2N279 pnp, AJ,si 30 Low Noise 
2N662 pnp,AJ,ge *30 

2N727 npn,si 

2N1477 AJ 


67 : CT, SPR 
; (see pages 4-9 for explanation of company abbreviations.) 
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Audio (continued) 


MAX. RATINGS CHARACTERISTICS | 


2N1654 i : 80 : CT, SPR 
2N1656 i i i CT, SPR 
2N2173 P 

2N2173 F 

2N2392 pnp, si 


2N2599A pnp, EP 

BCY39 pnp,AJ,si f ; 

BCZ14 pnp,AJ,si 30 : ‘ ; sub min case 
2N532 - 

2N1101 npn, AL,ge 


2N1102 npn,AL,ge 
2N1442 pnp,A,si 

2N650 pnp,AJ,ge 
2N650A pnp, AJ,ge 
2N653 pnp,AJ,ge 


2N1186 ; pnp,AJ,ge 
pnp, AJ, ge 
pnp,AJ,ge 
pnp,AJ,ge 
2N2711 npn,PL,si 


2N2713 npn, PEP, si 
MPS2711 npn, EP, si 
MPS2715 |. npn,EP,si 
2N1051 npn,DD,si 
2N1707 pnp,AJ,ge 


Ph — no ro ro Ro RO RO PO PO mm~enrPpi 
: bod Pah bed Ranh Mare) 8 H 


npn, Si. 
pnp, AJ,ge 
pnp, AJ,ge 
npn,si 
2N1010 npn, AJ,ge 


Pablo oa heat [A 


2N2389 npn,si 
BCY32 pnp,AJ,si 


2N533 
40234 npn,P,si 
AC 121 pnp,AJ,ge 


2N2926 npn,PL,si 
MPS2926 npn,EP,si 
2N937 AJ 
2N940 AJ 
2N1469 AJ 


2N1475 AJ 

2N759 npn, DM,si 
2N759A npn, DM, si 
2N335A npn, DG, si 
2N2675 npn, DG, si 


NUC, + Full line spread, GME 


2N334 npn, si 
2N1151 npn,si 
2N735 npn, Si 
2N739 npn, si 
2N934 pnp, MS,ge 


2N1370 pnp,ge 
2N1371 pnp, ge 
2N1374 pnp,si 
2N1375 pnp,ge 
2N1382 pnp, ge 


2N1413 pnp,AJ,ge 
2N1565 npn, si 
2N1573 npn,si 
2N1622 npn, AJ,ge 
2N2868 npn,PE, si 


2N2909 pnp,PE,si 
2N3064 pnp,si 
2N3065 pnp,si 
2N3580 pnp,EP 
A306 npn,PL,si 


BCY11 pnp,AJ,si 
BCY12 pnp,AJ,si 
ME900 npn,PL,si 
SFT325 pnp, ge 

2N480A npn,PL,si 


VE Obs rt 


RMSE Sw KWwwnrnr 


mmMnrMe 
ae Re eh ah 
oo 


nw 


nm 


(see pages 4-9 for explanation of company abbreviations.) 
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Audio (continued) 


MAX. RATINGS 


CHARACTERISTICS 


Package 
Outline 


Tl 
Tl 


2N2043 
2N2043A 
2N659 

2N2244 
2N2247 


Low Level 
Low Level 


npn, DM,si 


A 

; es 2N2250 npn, DM,si Low Noise, CDC 
2N2253 npn, DM,si Low Noise, CDC, AMP 
2N4030 pnp,PE,si 
2N4031 pnp,PE,si 
NS-732 npn, DM, si Industrial Type 
NS-734 npn, DM,si ~ Industrial Type 
2N1192 pnp, AJ,ge - Tl 
2N3691 npn,PL,si *200 RO97A package, CDC 
0C79 pnp,PADT, ge 1,2 
2N104 pnp, AJ,ge 0.7 

A 23 
2N215 pnp,AJ,ge 0.7 
2N3709 npn,PE,si - tPlastic 
MPS3709 npn, EP,si - 
2N3708 npn,PE,si - tPlastic 
MPS3708 npn,EP,si - 
2N280 pnp,AJ,ge Special Case 
OC7IN pnp,AJ,ge 
2N119 npn,si TR 
2N335 ripn,si GE, TR ° 
2N1152 npn,si TR 
2N917 npn, DP, si TI, RCA, AL, TRWS 
2N918 npn,PE,si MO, TI, RCA, AL, TRWS 
2N1443 pnp,A,si CT 
2N2616 npn,PE,si AL 
2N2729 npn,PE,si AL 
2N3581 pnp, EP 
AS69 npn,PL,si Chopper, aVoff, =50V 
A570 npn,PL,si Chopper, Voff,=100.V 
A1341 npn,si 
BC410 pnp,AJ,si 

A25 


ME216 npn,PL,si 
NS-661 pnp, A,si Industrial Type 
NS-665 pnp,A, si Industrial Type 
2N214 npn,AL,ge 
2N1059 npn, AL, ge 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 


pnp, AJ,ge 


am AMDODD 
a~ a 


pnp,AJ,ge 
npn,DP,si 
npn,P,si .33 
npn,PE,si 5.0 
pnp, AJ,ge bs) 3 
pnp, AJ,ge 5 5 IND 
npn,PL,si 0.5 18 
pnp,AJ,ge 1.5 - Sub min case 
2N3394 npn,PL,si 0.1 98 Epoxy case 
A27 
MPS3394 npn, EP, si *55-110 0.1 92 
MPS3397 npn,EP,si *55-500 0.1 92 
MPS3398 npn, EP, si 0.1 92 
2N169 npn,GR,ge - 
2N449 npn, GR,ge - - 
2N736A npn,si 18 TR 
2N929 npn,si 18 FA, GI, TR, AL, SPR, UC, MO 
2N957 npn, DD,si 18 TRWS, AMP 
2N1097 pnp,AJ,ge 5 
2N1098 pnp,AJ,ge 5 
2N1121 npn,GR,ge = 
2N1376 pnp,ge — 5 
2N1377 pnp, ge 5 
2N1414 pnp,AJ,ge 5 
2N1566A npn, si 5 


(see pages 4-9 for explanation of company abbreviations.) 
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Aud Te) (continued) 


MAX. RATINGS CHARACTERISTICS 


87 
2N2600A 
BCZ10 
BCZ11 pnp,AJ,si i 
0c60 pnp,AJ,ge : : : Sub min case 
$15660 npn,DPE, si RO83 package 
SFT323 pnp, ge 
SFT353 pnp, ge 
2N3858 npn,PEP, si 
2N3858A npn,PEP,si 


2N660 pnp,AJ,ge 
2N3721 npn,PL,si 
MPS3721 npn,EP,si 
2N2430 npn, ge 

2N175 pnp, AJ,ge 


yan 


~ 
pn!iscsr!|oer! 


co 
uo 


2N220 pnp,AJ, ge 
2N407 pnp, AJ,ge 
2N408 pnp,AJ,ge 
2N649 pnp,AJ,ge 
2N1924 pnp, ge 


2N3062 pnp,si 
2N3063 pnp, si 
BCY40 pnp, AJ,si 
2N270 pnp, AJ,ge 
2N281 pnp,AJ,ge 


2N282 pnp,AJ,ge 
2N591 pnp,AJ,ge 
2N647 pnp,AJ,ge 
2N1592 npn, si 
2N1593 npn,si 


tt ee ee tar eT 
wo 


Matched Pair 2N281's 


SP eri tw wirrenr fertit 


2N1594 npn,si 
2N3128 npn,PL,si 
A1109 npn,si 
2N1175A pnp,AJ,ge 
2N1705 pnp,AJ,ge 


2N213 npn, AL,ge 
2N1251 npn,AL,ge 
2N109 pnp,AJ,ge 
2N217 pnp,AJ,ge 

pnp,AJ,ge 


2N1378 pnp, ge 
pnp,ge 
pnp,AJ,ge 
pnp,AJ,ge 
npn, AL, ge 


2N1189 pnp, AJ,ge 
2N2712 npn,PL,si 
2N2714 npn,PEP,si 
2N3402 npn,PE,si 
2N3404 npn,PE,si 


2N3414 npn,PE,si *75-225 
2N3416 npn,PE,si *75-225 
MPS2712 npn, EP, si *75-225 
MPS2716 npn, EP, si *75-225 
2N336A npn,DG,si 76-333 


2N760 npn, DM, si 76-333 
2N760A npn, DM,si 

2N2676 npn,OG,si 

2N661 pnp,AJ,ge 

2N736 npn, Si 


2N740 npn, si 7 TR, AL 
2N1415 pnp,AJ,ge p 

2N1566 npn, si TRWS, TR 
2N1574 npn,si ; TR 

2N3462 npn, si 3 Low Noise 


mols 
wo © 
w 
Mee ES Ad 
w 


re NO 
aoe 


ray 
oOo 


NUC 


Epoxy case, heat clip 
Epoxy case, heat clip 


Epoxy case 
Epoxy case 


wmsSesss | sss 


TR 


TR, Gl, AL 
TR, Gl, AL 


Hoss 
mh 


TRWS, TR 


2N3463 npn,si ; Low Noise 
40261 pnp,DR, ge s 

0C59 pnp, AJ,ge 80 . ; : Sub min case 
2N543A npn,PL,si , c 35 

2N2245 npn, DM, si i | Low Level 


(see pages 4-9 for explanation of company abbreviations.) 


26 ELECTRONIC DESIGN 


Try a new source 
for planar 2N2222 & \2N2369 families 


If you’ve been wishing for a new source of 
silicon planar general purpose amplifiers or 
high speed switches, ITT has now provided 
the answer. 

ITT is in full production on the popular 
2N2222 amplifier family and the 2N2369 high- 
speed switching family. You can have the 
same transistor performance you’ve been 
getting from other suppliers, plus the supplier 


FACTORIES IN PALO ALTO. CALIFORNIA; LAWRENCE, MASSACHUSETTS; WEST PALM BEACH. FLORIDA; HARLOW AND FPOOTSG 


perforfmance you can only get from ITT. 

If y@u’re buying silicon planars from either 
of thes@ families, evaluate the new source. 
Order them today . . . get them today... 
from an¥ distributor of ITT Semiconductors. 
ITT Semiconductors, 3301 Electronics Way, 
West Palm Beach, Florida, is a division of 
the Interfiational Telephone and Telegraph 
Corporati@h. 
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SEMICONDUCTORS 3 


AY, ENGLAND: FREIBURG AND NURENBERG, GERMA 


bo 
~l 


Aud 10 (continued) 


MAX. RATINGS CHARACTERISTICS 


2N2248 npn, DM, si : : Low Level 
2N2251 npn, DM, si E : Low Noise, CDC 
2N2254 npn, DM, si i él Low Noise 
2N2715 npn,PL,si 4 R IEC, GME 
2N3060 pnp, si i 


2N1144 pnp,AJ,ge 
2N1145 pnp,AJ,ge 
2N1925 pnp,ge 
2N2431 | pnp,ge 
2N3058 pnp, si 


pnp, AJ,ge 
npn,PL,si 
npn,PL,si 
npn,EP,si 
npn,P,si 


IEC, GME 
Epoxy case, GME 


Peco! 


npn, F,si 
npn,PE,si 
npn,EP,si 
npn, EP, si 
npn, si 


tPlastic 


TR 


2N336 npn,si 
2N1153 npn, si 
2N567 pnp, AJ,ge 
2N568 pnp, AJ,ge 
2N3130 npn,PL,si 


2N3582 pnp,EP 

A307 npn,PL,si 
ME213 npn,PL,si 
ME217 npn,PL,si 
MESOOA npn,PL,si 


ME901 npn,PL,si 

MESOLA npn,PL,si 

2N508A pnp,AJ,ge 

2N3859 npn,PEP,si 

2N3859A npn,PEP,si 100-200 


2N652 pnp,AJ,ge 100-225 
2N652A pnp, AJ,ge 100-225 
2N1188 pnp, AJ,ge 100-225 
MA883 pnp,AJ,ge 100-225 
MA888 pnp,AJ,ge 100-225 


2N213A npn, AL,ge 100-250 
2N655 pnp, AJ,ge 
2N1193 pnp, AJ,ge 
2N4032 pnp,PE,si 
2N4033 pnp,PE,si 


PA1000 npn, DP, si 4 

2N3692 npn,PL,si ; RO97A package, CDC 
2N3707 npn, PE, si ; ; t t Plastic 

MPS3707 npn,EP,si A i 

2N2716 npn,PL,si : } NUC, IEC, GME 


40329 pnp,AJ,ge 
2N2171 pnp,AJ,ge 
2N1926 pnp, ge 
2N1190 pnp, AJ,ge 
BC 107 npn,PE,si 


2N2903 npn, DP, si *125 -625 
2N2903A npn, DP, si *125-625 
2N2428 pnp, ge 130 

AC 163 pnp,AJ,ge 

2N2706 pnp,AJ,ge 


2N2707 ge 

AF 127 pnp,AD,ge 
2N569 pnp, AJ,ge 
2N570 pnp, AJ,ge 
2N930 npn, si 


2N2388 npn, si 
2N2586 npn, si 
2N3129 npn,PL,si 
40262 pnp,DR,ge 
AC172 npn,AJ,ge 


Matched NPN, PNP Pair 


sm Mr 
4 Rll acs 
Aen mtiom 


pwn 


IND 
FA, GI, TR, NUC, SPR, UC, MO 


AMP, FA, AL, UC 


PhO ee PO PO 
Me mar 


(see pages 4-9 for explanation of company abbreviations.) 
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1-amp glass rectifiers come easy 


The basic technology required for making 
silicon glass rectifiers has long since been 
proved out in ITT’s diode operation. More 
than 130,000,000 diodes last year paved the 
way for 1966 1-amp glass rectifier capability 
that’s already operating at better than a 1.2 
million annual rate. 

If you’re using old-fashioned top-hats 
because delivery is slow on DO-29 glass 
rectifiers, make the switch now. 


ITT offers immediate shipment of 200 to 
1000 V, 1-amp glass rectifiers from factory 
stock or from ITT distributors’ shelves. See 
how fast silicon glass rectifier delivery can 
be — call your ITT factory representative 
or any of ITT’s semiconductor distributors 
throughout the United States today. ITT 
Semiconductors, a division of International 
Telephone and Telegraph Corporation, 3301 
Electronics Way, West Palm Beach, Florida. 


SEMICONDUCTORS 
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Audi ) (continued) 
MAX. RATINGS CHARACTERISTICS 


| ae Package 
co xt 


(A) (MHz) 


2N2924 i ; IEC, GME 
2N3392 i 150-300 A is Epoxy case, GME 
2N3860 i 

2N4086 

MPS3392 npn,EP, si 


2N2246 npn, DM, si : "hs i Low Level 

2N2249 npn, DM, si - : : Low Level 

2N2252 npn, DM,si cil ; F Low Noise, CDC, AMP 
2N2255 npn, DM, si 150-450 ~ F : Low Noise 

MPS$3395 npn, EP, si Hl 


2N2453 npn,DP,si -€ : Dual 
2N2453A npn, DP, si . : 9 : Dual 
2N3061 pnp,si ; 

2N2613 pnp, AJ,ge 5 : 

2N3241 npn,PL,si BY : TfT 


2N3242 npn,PL,si k TfT 

2N3403 npn, PE, si . I Epoxy case, heat clip 
2N3405 npn,PE,si ( : i Epoxy case, heat clip 
2N3415 npn,PE,si H i Epoxy case 

2N3417 npn,PE,si ; ; Epoxy case, heat clip 


2N3711 npn,PE,si . ; +Plastic 
npn, EP, si lg 
pnp,AJ,ge i 
pnp,AJ,ge | : é ; tfab 
pnp,AJ,ge i j tfab 


2N1194 pnp,AJ,ge : i 
2N1086 npn,GR,ge ; 

2N1086A npn,GR,ge 

2N1087 npn,GR,ge 

2N571 pnp, AJ,ge 


pnp, AJ,ge 
pnp,AJ,ge 
pnp, si 

pnp,AJ,ge 
pnp,AJ,ge 


— Ww 
Yo 


+D I 
o oS 


pnp,AJ,ge 
pnp,ge 
npn,PL,si 
npn,PEP, si 
npn,PEP, si 


Detar 
ww 


ME495 npn,PL,si 
2N3900A npn,PL,si 
2N3391 npn,PL,si 
2N3391A npn,PL,si 
2N3900 npn,PL, si 


2N4087 npn,PL,si 
2N4087A npn,PL,si 
ME213A npn,PL,si 
2N2953 pnp, AJ,ge 
2N4017 pnp,DPE,si 


2N3428 pnp,AJ,ge 

MA1704 pnp,AJ,ge 

MA1707 pnp,AJ,ge 

2N3078 npn,PL,Si 360 , F 

2N3390 npn,PL,si ' : : Economy — Epoxy, NUC, IEC, GME 


2N4018 pnp, DPE, si 500 ; ; RO52A package, Dual pnp 
2N4019 pnp,DPE,si , : RO52A package, Dual pnp 
MA1702 pnp,AJ,ge 4 ; ‘ tfab 
MA1705 pnp,AJ,ge : . ; tfab 
MA1708 pnp,AJ,ge 5 t tfab 


2N3077 npn,PL,si 
A520/A521 npn,PL,si 
$15650 npn, DPE, si 
2N3395 npn,PL,si 
2N3396 npn,PL,si 


2N3397 npn,PL,si 
2N3398 npn,PL,si Economy —Epoxy, GME, IEC 
2N2785 npn,PL,si SPR 

2N997 npn, Si y (Darlington) ,FA, SPR 

2N35 pnp,AS,ge SY, Gl 


5 dB(max nf) 
Economy — Epoxy, NUC, IEC, GME 
5 dB(max nf), GME 


— po 


— 


5 dB(max nf) 


ae an — 2 — i — EO hd 


o 


RO52A package, Dual pnp 


— 


TR 

6 lead diff amp 

RO110 package 

Economy — Epoxy, GME, IEC 
Economy — Epoxy, GME, IEC 


Economy —Epoxy, GME, IEC 


Pei ps Feb tea 


— oo 
co 


(see pages 4-9 for explanation of company abbreviations.) 
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CE IRMELIE PLS 


Why ITT wet tantalum 
capacitors can't leak 


Every ITT Red Cap®© wet tantalum capacitor gets a “‘total 
stress’’ seal that, unlike the ordinary single-crimp seal, 
positively prevents electrolyte leakage. To accomplish 
this, ITT inserts a teflon end seal, then spins down the 
open end of the can until end seal, anode and insulating 
washer are under a predetermined compressive force. 
Seal integrity is further insured by the addition of an 
epoxy end fill. Since the epoxy’s expansion coefficient 
is less than that of the can, temperature cycling cannot 
relax the spun seal. | 
If you're tired of electrolyte leaks and the problems 
that go with them, here’s an easy solution. Order the 
ones that can’t leak — the Red Caps© — from your ITT 
Capacitor distributor or from ITT Semiconductors, a 
division of International Telephone and Telegraph Corpo- 
ration, 3301 Electronics Way, West Palm Beach, Florida. 


SEMICONDUCTORS 


FACTORIES IN PALO ALTO, CALIFORNIA: LAWRENCE, MASSACHUSETTS; WEST PALM BEACH, FLORIDA; HARLOW AND FOOTSCRAY, ENGLAND; FREIBURG ANO NURENBERG,. GERMANY, 


ON READER-SERVICE CARD CIRCLE 11 
May 17, 1966 


Audio (continued ) 


MAX. RATINGS CHARACTERISTICS 
f 


pnp, AJ,ge MO, GI, IND 
pnp, ge : 
pnp,ge : : 
pnp,DPE,si ‘ RO52A package, Dual pnp 
| 2N4021 pnp, DPE, si : RO52A package, Dual pnp 


2N4022 pnp,DPE, si ) RO52A package, Dual pnp 
2N4023 pnp, DPE, si ; RO52A package, Dual pnp 
2N4024 pnp,DPE,si : RO52A package, Dual pnp 
2N4025 pnp, DPE, si : RO52A package, Dual pnp 
FT 4020 pnp,DPE, si } ; Dual pnp 


FT4021 pnp,DPE, si : ; Dual pnp 
FT 4022 pnp, DPE, si : S Dual pnp 
FT4023 pnp,DPE, si : ; Dual pnp 
FT4024 pnp, DPE, si : ; Dual pnp 
FT4025 pnp, DPE, si ; k Dual pnp 


ME209 npn, PE, si 
ME214 npn,PE, si 
$P10801 npn, DP si 
SP10810 pnp,DPE,si 
S$P10811 pnp,DPE, si 


Chopper, Voff=250nV 
Chopper, Voff=500nV 


RO RO POM PO 


(see pages 4-9 for explanation of company abbreviations.) 


Late-arrivals ... 


The following bipolar transistor families, manufactured by General Instrument, are 
epoxy encapsulated units (TO-18 cans) similar or equivalent in characteristics to their 
metal-can counterparts (for detailed information on device properties use the literature 
offering form and reader-service card, p. 4): 


Audio and general purpose 


2N2711 - 2N2716 2N3390 - 2N3398 
2N2721 - 2N2726 2N3414 - 2N3416 


High-frequency 


2N3563 - 2N3566 2N3702 - 2N3711 
2N3605 - 2N3607 2N3900 - 2N3905 
2N3638 - 2N3645 2N3983 - 2N3985 


High-level switching 


2N4140 - 2N4143 (similar to 2N2221, 2N2222, 2N2906, 2N2907) 
2N4227 - 2N4228 (direct equivalents of metal-can types) 
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The W 


solutions to tough 
meter applications 


MILLRAMPERE® D. C. 


Utter reliability...utter simplicity. Completely 
fail-safe circuitry insures 100% reliability. No limita- 
tion on pointer travel due to mechanical contacts. 
Model 3324XA meter relays are CONTACTLESS. 
An infinite life lamp and photo-conductors do the 
sensing. Solid state switching circuit and relay 
(10 amp, DPDT, 115 VAC) are contained internally 
on single control point units. Double control point 
models also available. Control point indication is 
within 2% of actual switching. Available 
THROUGH DISTRIBUTORS in ranges shown. 


Double Control 
Cat. No. Price 


Approx. | Single Control 
Ohms Cat. No. | Price 


DC Microammeters 
0-50 3000 
0-100 1300 /|16452 
0-200 570 {16453 
0-500 220 /|16454 
DC Milliammeter 

O-1 80 
DC Millivoltmeter 

0-50 10 


RANGE 


16470 
16471 
16472 
16473 


16451 $99.00 
96.15 
96.15 


96.15 


$136.35 
133.65 
133.50 
133.50 


16455 | 95.10 | 16474 132.45 


16460 | 63.60 | 16480 137.25 


INSTRUMENTS THAT STAY ACCURATE 


Takes only half the space of a 2\%4” Edgewise meter 
with little sacrifice in scale length. Movement is 
self-shielded. DC accuracy is + 2% (F.S.); AC 
(rectifier type), + 3% (F.S.) at 25°, 60 cycle sine 
wave. Dustproof case. Meter comes complete with 
bezel and mounting hardware. 20 Ranges are 
STOCKED (see sampling below). Contact your 
ELECTRONIC DISTRIBUTOR about Model 1521. 


RANGE 


DC Voltometers 
0-150 

DC Milliammeters 
0-100 1.35 6817 
DC Millivoltmeters 

0-50 10 0713 


DC Microammeters 
0-25 3150 


AC Voltmeters 
0-150 


1000 o/v 10358 $15.45 


15.90 
16.20 
4552 23.40 


1000 o/v 10415 20.10 


For Complete Details, Request Bulletin 2073 and Meter Relay Reprint Article. 


SIMPSON ELECTRIC COMPANY 


5202 W. Kinzie Street, Chicago, IIl.60644 « Phone: 312-379-1121 


Export Dept.: 400 W. Madison Street, Chicago, Ill. 60606 * Cable, Amergaco 


® 


In Canada: 
In India: 


Bach-Simpson Ltd., London, Ontario 


Ruttonsha-Simpson Private Ltd., International House, 
Bombay-Agra Road, Vikhroli, Bombay 
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High-Frequency 


Includes types ranging up to and above the vhf 
range. Listed in order of increasing fee or fy. 


MAX. RATINGS CHARACTERISTICS 
fae 7 »yCEO 
fy 3 op eee 
Type (MHz) (°C) |mW/ C}_ (Y) (mA) 
RA 0.05 3% «| «(80 


2N2709 
2N444 

2N444A 
2N3296 
2N3297 


2N94 npn,AL,ge 
2N233 npn, AL, ge 
2N233A npn,AL,ge 
2N445 npn,AJ,ge 
2N445A npn, AJ,ge 


ryrenNy NWHMNDH 


2N515 npn,AL,ge 

2N516 npn, AL,ge 

2N3295 npn,E,si 

2N1391 hpn, AJ, ge -H 
* 


2N2946 pnp, PE, si 


SFT337 pnp,ge 3 
2N212 npn, AL,ge 4 
2N517 npn, AL,ge 4 
2N1058 npn, AL, ge 


2N139 pnp, AJ,ge 


2N218 pnp, AJ,ge 
2N94A npn, AL,ge 
2N211 npn, AL, ge 
2N446 npn, AJ,ge 


2N446A 
2N1090 


npn, AJ,ge 


npn, AJ, ge 


aon monn cn >> 


Gl 


2N2945 pnp, PE, si 

FK3962 pnp, DP, si Hermet package 
FV3962 pnp, DP, si 

2N2276 pnp, AT, si Matched Pair 2N227 


2N2277 pnp, SP,si Matched Pair 2N2276 
3N90 pnp,PE, si Duet, Voff <50u V 
3N91 pnp,PE, si Duet, Voff<100u V 
3N92 pnp, PE,si Duet, Voff <200: V 
3N93 pnp,PE,si Duet, Voff < 50. V 


pnp, PE, si Duet, Voff< 100. V 


pnp, PE, si Duet, Voff <200.V 
pnp,PE, si Dual 

pnp,PE, si Dual 

pnp,AJ,ge 


LAN 


pnp, AJ,ge 
Hermet package 


pnp, DP, si 


pnp, DP, si 
pnp, SP, si Symmetrical 
pnp, SP, si Symmetrical 


SA-316 pnp, SP, si Symmetrical 
SA-413 pnp,SP,si Symmetrical 
SA-414 pnp, SP, si Symmetrical 
SA416 pnp, SP, si Symmetrical 
2N2378 pnp, SAT, si 


2N3318 pnp, SPAT, Si Chopper 
2N471A npn, PL, si 
2N472A npn,PL, si 
2N473 npn,PL,si 


2N474 npn,PL,si 


Oe Iona nono, 


2N474A npn, PL, si 

2N475 npn, PL, si 

2N475A npn,PL,si 

2N495 pnp, SPAT,si 1 

2N581 pnp,AJ,ge GI, TI, LAN, IND 


2N 1054 npn,PL,si 5 SSP 

2N1118 pnp,SAT,si 001 5 *PH orig Reg, CT 
2N1118A pnp, SAT, si 001 5 *PH orig Reg, CT 
2N2377 PNP, SAT, si 002 18 

SA-312 pnp, SP, si .01 5 Symmetrical 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency 


HF 8 


2N496 

2N1065 

2N2432 

2N 4138 

$15649 
HF 12 

2N1411 


SA-315 
SA-412 
SA-415 
2N447 
2N447A 


2N447B 
2N140 
2N219 
2N411 
2N541 


2N542 
2N542A 
2N543 
2N602 
2N1206 


2N1207 
2N1907 
2N1908 
2N1974 
2N2944 


2N3317 
2N3319 
SA-310 
SA-311 
SA-410 


SA-411 
2N476 
2N477 
3N114 
3N115 


3N116 
3N117 
3N118 
3N119 
2N582 


2N1429 
2N478 
2N479 
2N479A 
2N480 


2N1395 


2N1983 
2N1984 
2N1985 
2N2225 
2N3742 


2N3743 
TN-55 
TN-56 
TN-57 
TN-58 
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(continued) 


Type 


pnp,SP,si 
pnp, SP, si 
pnp,SP,si 
npn,AJ,ge 
npn,AJ,ge 


npn, AJ,ge 
pnp, AJ,ge 
pnp, AJ,ge 
pnp, AJ,ge 
npn,PL,si 


npn,PL,si 
npn,PL,si 
npn,PL,si 
pnp, DR,ge 
npn,PL,si 


npn,PLsi 
pnp, ge 
pnp,ge 
npn, DP, si 
pnp, PE, si 


pnp, SPAT<si 
pnp, SP,si 
pnp,SP,si 
pnp, SP,si 
pnp, SP, si 


pnp, SP, si 
npn,PL,si 
npn,PL,si 
pnp,PE,si 
pnp,PE,si 


pnp, PE,si 
pnp,PE, si 
pnp,PE,si 
pnp,PE,si 
pnp,AJ,ge 


pnp, SAT, si 
npn,PL,si 
npn,PL,si 
npn,PL, si 
npn,PL,si 


pnp, SPAT, si 
pnp, DR, ge 
npn,PE, si 
npn,PE,si 
npn, DP, si 


pnp, MA, ge 
pnp, AJ, ge 
pnp, DR, ge 
pnp, SBT, ge 
pnp, SBT, ge 


pnp, DR, ge 
pnpDR, ge 

pnp, DR, ge 
npn,PLE,si 
npn,PLE,si 


npn,PLE,si 
npn,PLE,si 
pnp, DR,ge 
pnp, DR, ge 
pnp, DR, ge 


npn, DD,si 
npn, DD, si 
npn, DP, si 
pnp,ge 

npn, AE, si 


pnp,AE,si 
npn,PE,si 
npn,PE,si 
npn,PE,si 
npn, PE, si 


MAX. RATINGS CHARACTERISTICS 


Symmetrical 
Symmetrical 
Symmetrical 


TRWS, CDC, TR, AMP 
SPR 


Chopper 
Chopper 
Symmetrical 
Symmetrical 
Symmetrical 


Symmetrical 


Dual 
Dual 


Dual 
Dual 
Dual 
Dual 
GI, TI, RCA, LAN, IND 


_— 


*PH orig. Reg. 


o—¢ 
oo 
— 


RO110 package 
PH, Gl 
Vcev=—40 


*PH orig Reg 
*PH orig Reg 


Pp 
SY, AMP 


TRWS, CDC, AL 
TRWS, CDC, AL, AMP 
TRWS, CDC, AL, AMP 


(see pages 4-9 for explanation of company abbreviations.) 
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WHAT GIVES YOU AN UNNEUTRALIZED, 3-STAGE TV-IF 

WITH 90db STABLE GAIN, HAS LOW FEEDBACK CAPACITANCE, 
CUTS COMPONENT COSTS, MINIMIZES ALIGNMENT TIME 

AND HAS NEVER BEEN USED IN A SINGLE TV SET? 
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Integrated-Shield Transistors. How 
come they’ve never been used before? 
Simple. They’ve never been available be- 
fore; they’re brand new from Amperex. 

Until now, the big problem in design- 
ing transistorized TV-IF’s has been 
the transistor feedback capacitance. 
Amperex’s breakthrough to integrated 
shielding has now produced the types 
A467 and A473 with feedback capaci- 
tance so low that the need for neutraliz- 
ing the circuit is completely eliminated. 

In the Amperex Integrated-Shielding 
process, we diffuse a special shield 
between the collector and the base lead 
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“tab” to clamp the base at the emitter 
RF potential. In common emitter cir- 
cuits of the type used in TV-IF ampli- 
fiers the net effect is the elimination of 
the major source of feedback capaci- 
tance : the capacity between the collector 
and the base-lead “tab.” Thus the C,, 
for the type A467 is a low 150 mpf and 
only 220 mpf for the type A473. 

Now you ean build a three-stage, 
unneutralized video IF amplifier, using 
the A467 and two A473’s to produce an 
overall minimum stable gain of 90db at 
44mHz. The gain control range of the 
type A467 stage is 55db minimum; in 
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the output stage the A473 will provide 
swings of 7.7 volts undistorted into 2700 
ohms. 

For complete data and application 
information, write: Amperex Electronic 
Corporation, Semiconductor and Spe- 
cial Purpose Tube Division, Slatersville, 
Rhode Island, 02876. 


45 Me |10.7 Me 
AGC |Useable|Useable 


Amperex: 
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High-Frequency 


2N1524 
2N1525 
2N1526 
2N1527 
2N1417 


2N1418 
2N794 
2N795 
2N393 
2N841 


2N843 
2N1122 
2N1122A 
2N1300 
2N1409 


2N1410 
2N1638 
2N3565 
2N3566 
2N3712 


PADTSO 
2N128 
2N1631 
2N1632 
2N 1637 


2N 1639 
2N2509 
2N2510 
2N2511 
0044 


2N504 
2N604 
2N605 
2N606 
2N607 


2N796 
2N844 
2N845 
2N1409 
2N1410 


2N1427 
2N1683 
2N1752 
2N1785 
2N 1786 


2N1787 
2N1864 
2N1893 
2N1978 
2N1986 


2N1987 
2N1988 
2N1989 
2N2427 
2N1900 


2N1903 
2N2223 
2N2223A 
T1538 
2N346 


2N370 
2N698 
2N717 
2N719 


2N719A 
2N720A 


2N912 
2N1301 
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(continued) 


MAX. RATINGS ; CHARACTERISTICS 


pnp, DR, ge 
pnp, DR,ge 
pnp, DR, ge 
pnp, DR, ge 
npn, si 


npn,si 
pnp, ge 
pnp, ge 
pnp,MA,ge 
npn,PE, si 


npn,PE,si 
pnp,MA, ge 
pnp,MA, ge 
pnp,ge 
npn, St 


npn, Si 

pnp, DR, ge 
npn,PL, si 
npn,PL,si 
npn,PL,si 


pnp,PADT,ge 
pnp, SBT, ge 
pnp, DR,ge 
pnp, DR, ge 
pnp, DR,ge 


pnp, DR, ge 
DP 

DP 

DP 

pnp, PADT, ge 


pnp,MD,ge 


pnp, DR, ge 


pnp, ge 
npn,PLE,si 
npn, PLE, si 
npn,PL,si 
npn,PL,si 


pnp,MA,ge 
pnp,ge 

pnp,MD, ge 
pnp, MD, ge 
pnp,MD, ge 


“~~ co 
un 


pnp, MD, ge 
pnp, MD, ge 
npn, si 

npn, DP, si 
npn, DD, si 


J — i — a — To — 


npn, DD, si 
npn, DD, si 
npn,DD,si 
npn, PE, si 
npn,PL,si 


npn,PL,si 
npn,AE,si 
npn,AE,si 
pnp,PE 
pnp, SBT, ge 


pnp,DR,ge 
npn, DP, si 
npn, DD, si 
npn, DD, si 


npn, DP, si 
npn, DP, si 


npn, DP, si 
pnp, ge 
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SPR 

SPR 

*PH orig Reg, GI 
TRWS, CDC 


*PH orig Reg 
*PH orig Reg 
Gl 

Gl 

CDC, IEC, GME 


CDC, IEC, GME 
Metal header, MO 


*PH orig Reg 


GI, TR, AMP, UC 
GI, TR, AMP, UC 
GI, TR, AMP, UC 
Special Case 


*PH orig Reg, Gl 
Tl 


*PH orig Reg, Gl 

SPR 

*PH orig Reg 

*PH orig Reg 

*PH orig Reg 

*PH orig Reg 

*PH orig Reg 

RCA, TR, NA, TRWS 
TRWS, CDE, GI, AL, AMP 
TRWS, CDC, Gl, AL, AMP 
TRWS, CDC, Gl, AL 

TRWS, CDC, GI, AL 

Single Ended 

Double Ended 

Diff. Amp. 

Diff. Amp. 

*PH orig Reg 

TRWS, TR, STC, AMP, CDC 
TRWS, CDC, TR, GI, AMP 
NA 

TRWS, CDC, TR, GI, AMP 


TRWS, CDC, AMP, AL, GI, TR 
TRWS, CDC, GI, AMP, AL, 


TR, RCA 
TRWS, CDC, AMP, AL 


ELECTRONIC DESIGN 


High-Frequency (continued) 


MAX. RATINGS CHARACTERISTICS 
(MHz) 


nye 
te és mW/°C 


2N1972 npn, DD, si *60 ; TR, AMP, TRWS 

2N1975 npn, DP, si TRWS, CDC, AL, TR, AMP 
2N2060 npn, AE, si Diff. Amp. 

2N2060A npn,AE,si Diff. Amp. 

2N2595 pnp,PL 


2N2598 pnp,PL 
2N2601 pnp, PL 
2N2980 npn, DP, si 
2N2981 npn, DP, si 
2N3567 npn,PE,si 


2N3568 npn,PE, si 
2N3569 npn,PE,si 
MM2483 npn,EP,si 
MM2484 npn,EP,si 
2N2483 npn, DP, si 


2N911 npn, DP, si 
2N1335 npn,PL,si 
2N1336 npn,PL,si 
2N 1337 npn,PL,si 
2N1338 npn, PL, si 


2N 1339 npn,PL,si 
2N1340 npn,PL,si 
2N1341 npn,PL,si 
2N1342 npn,PL,si 
2N1505 npn,PL,si 


2N2092 pnp, PADT, ge 
2N2093 pnp,PADT,ge 
2N2914 npn,DP, si 
2N2915 npn, DP, si 
2N2916 npn,DP, si 


2N2917 npn,DP, si 
2N2918 npn, DP, si 
2N2919 npn, DP, si 
2N2920 npn,DP, si 
2N2972 npn, DP, si 


2N2973 npn, DP,si 
2N2974 npn,DP,si 
2N2975 npn, DP, si 
2N2976 npn, DP, si 
2N2977 npn, DP, si 


Meee 
want o 
Mrmr 


Gl 
Gl 
TEC, GME 


IEC, GME 


Prmodc | ofPrwr 
CiowooD | Oo wWWwww 


AMP, GI, TR, AL, UC 
TRWS, CDC, AMP, AL 


ea 


BO BS BO PS Ro POP 


SPR, GI, AL, UC, MO 
GI, AL, UC, MO, SPR 
SPR, GI, AL, UC, MO 


SPR, GI, UC, RCA, AL, MO 
SPR, GI, UC, RCA, AL, MO 


5. 
3. 
a3 
<P 
5. 
5. 
5. 
3. 
2 
0 
1 
3 
3 
3 
a: 
3. 
33 
3 
i 


—oon anc nnea™sn 


ee 
o 


GI, AL, UC, MO, SPR 


GI, AL, UC, MO, SPR 

GI, AL, UC, MO, SPR, VEC 
GI, AL, UC, MO, SPR, VEC 
GI, AL, UC, MO, SPR 

GI, AL, UC, MO, SPR 


2N2978 ripn, DP, si ‘ GI, AL, UC, MQ SPR, VEC 
2N2979 npn, DP, si é Gl, AL, UC, MO, SPR, VEC 
2N2982 hpn, OP, si , Gl 

2N3056 npn,PL,EP i z 

2N3019 npn,PL,EP i : MO, TRWS 


2N3020 npn,PL,EP : MO, TRWS 
2N3057 npn,PL,EP 

2N3075 pnp, PADT, ge : 

2N990 pnp,PADT,ge " 4 Lead 
2N993 pnp,PADT,ge é 4 Lead 


2N2089 pnp,PADT,ge 

2N2590 pnp,PL 

2N2671 pnp, AD,ge i : 

2N2672 pnp, AD, ge : A Veb=1 

2N696 npn, DD, si f 3. h TRWS, Tk rt AMP, CDC, 
NA 


eereren 
Stu 
jeadioeo see Go ee 


2N699 npn,DD,si ! ; i TRWS, SY, TR, Gl, AMP, 
CDC, NA, "RCA 

2N718 npn, DD, si : 5 TRWS, COC, y, TR, Gl, 
AMP, AL, NA, MO 


2N718A npn, DP, si : f CDC, MO, TR, Gl, AMP, AL, 
NA, RCA, TRWS 

2N720 pro,DD,si_ ; - H TRWS, CDC,’ TR, Gi, AMP, AL 

2N870 npn, DP, si , : TRWS, CDC, GI, AMP AL 

2N910 npn, DP, si t TRWS, CDC, AMP, AL 


2N1252 npn, DD, si ‘ : : AL, N 

2N1613 npn, DP, si é : TRUS, eb, MO, TR, Gl, 
; AMP, AL, RCA 

2N1748 pnp,MD, ge : : j *PH orig Reg 

2N1749 pnp, MD, ge d : ; *PH orig Reg 
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2N1973 npn, DP, si : k 5 TRWS, CDC, AL, AMP, TR 
2N2451 pnp,MAT,ge : 5 6 

2N2720 npn,PL ; : Differential amp, AL, SPR 
2N2721 Differential amp, AL, SPR 


T1537 pnp,PE 


2N501 pnp, MD, ge f : *PH orig Reg, Gl 
2N2188 pnp,AD,ge 4 i 

2N2190 pnp,AD,ge 

2N2596 pnp,PL 

2N2599 pnp, PL 


2N2602 pnp,PL 

2N4104 npn,PL,si 

2N384 pnp, DR, ge 

2N697 npn,DD,si : ‘ : TRWS, MO, TR, GI, AMP, CDC, BE 
NA, RCA 


2N728 npn,PE, si 

2N729 npn,PE,si 100 4 5 

2N871 npn, DP, si ; ; A TRWS; CDC, GI, AMP, AL 
NA, RCA, AMP 

2N956 npn, DP, si : k ; TRWS, CDC, MO, GI, AMP 


2N979 pnp,MD,ge 

2N980 pnp, MD, ge H j 

2N987 pnp, PADT : 4 Lead 
2N1180 pnp, DR,ge 

2N1225 pnp, DR, ge AMP 


2N1396 pnp, DR, ge SY, AMP 

2N1420 npn, DD, si : ; TRWS, CDC, MO, TR, GI, AMP 
NA 

2N1499A pnp,MD, ge , *PH orig Reg, Gl 

2N1711 npn, DP, si : TRWS, CDC, MO, TR, GI, AL 


*PH orig Reg 
*PH orig Reg 
*PH orig Reg 
*PH orig Reg 
*PH orig Reg 


2N1726 pnp,MD, ge 
2N1727 pnp,MD, ge 
2N1728 pnp,MD, ge 
2N1746 pnp,MD,ge 
2N1747 pnp, MD, ge 


*PH orig Reg 
*PH orig Reg 
*PH orig Reg 
*PH orig Reg 


2N1748A pnp,MD,ge 
2N1788 pnp, MD, ge 
2N1789 pnp, MD, ge 
2N 1790 pnp, MD, ge 
2N1893A npn,PL,si 


2N1958 npn,PE, si 
2N1958A npn,PE, si 
2N1959 npn,PE, si 
2N1959A npn,PE,si 
2N 1964 npn, EP,PL,si 


2N1965 npn, EP,PL,si 
2N2084 pnp,PADT,ge 
2N2330 npn,PE, si 
2N2331 npn,PE,si 
2N2405 npn, si 


2N2591 pnp, PL 
2N2722 npn,PL 
2N2895 npn, si 
2N2896 npn, si 
2N2897 npn, si *50-200 


2N2898 npn, si ; *40-120 
2N2899 npn, si ; *60-200 
2N2900 npn, si *5U-200 
2N2947 pnp, EP, si ‘ 2.5-35 

2N2948 npn,EP,si , 2.5-100 


2N2949 npn,EP,si : 5-100 

2N2950 npn, EP, si by 5-100 é 

2N3702 pnp,PL,si *60-300 P Plas IEC, GME 
2N3703 pnp,PL,si *50-150 is Plas IEC, GME 
2N3704 npn, EP, si *90-330 Plas IEC, GME 


2N3705 npn, EP, si *45-165 U Plas IEC, GME 
2N3706 npn, EP, si F } Plas IEC, GME 
2N3798 pnp, AE, si i 

2N3799 pnp,AE,si E 5 Z 

2N3800 pnp,AE,si A 5 Dual 


(see pages 4-9 for explanation of company abbreviations.) 
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GI, MO, TRWS 


Differential AMP, AL, SPR 
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OF THE PNP SILICON TRANSISTOR FAMILY TREE 


fe NF 


oo \ oe 


LOW LEVEL 
LOW NOISE 


ICBO <1nA 
NFE (10 , A-5V) 100-300 
NF 34db 


2N2603 
2N2604 
2N2605 
2N3544 
2N3548 
2N3549 
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ARE YOU CONCERNED WITH? 


oN oe 
MEDIUM 


oN oe 
INTEGRATED 


oN oe 
DIFFUSED 


POWER CHOPPERS EPITAXIAL | | AMPLIFIERS 
BVEBO BVEE > 50V BVcBO hFE > 100 
BVcEg> OV 0.50, Wee > 50V ‘ee fe 
hFE (.1mA to 100mA) >100 IED < inh Ses heey 
tTCT < 100N SEC ICBO < 10 nA VBE|-VBE2 = +3 mV 


2N328A NS7200 


2N329A NS7201 

2N2485A 2N2944 2N3502 

2N2486A 3N90 — 3N95 ON2945 °N3503 

2N2904A — 2N2907A 3N114 — 3N119 2N2946 2N3504 

2N3502 — 2N3505 2N3857 2N3505 
2N3058 — 2N3065 2N3800 — 2N3811 


NSC-130 


pe | AY sees 


NATIONAL SEMICONDUCTOR CORPORATION 
OANBURY, CONN. 
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ON READER-SERVICE CARD CIRCLE 14 


High-Frequency (continued) 


MAX. RATINGS CHARACTE RISTICS 
t 
Type ak 


2N3801 pnp,AE,si 
2N3802 pnp, AE, si 
2N3803 pnp,AE,si 
2N3804 pnp,AE,si 
2N3805 pnp,AE, si 


2N3806 pnp,AE,si 
2N3807 pnp,AE,si 
2N3808 pnp,AE,si 
2N3809 pnp,AE,si 
2N3810 pnp,AE,si 


2N3811 pnp, AE, si 
40084 npn,si 
40354 npn,si 
FT34A npn,DPE, si 
FT34B non, DPE, si 


NS1355 npn,PL, si 
MCS2135 npn, AE si 
MCS2136 npn, AE, si 
MCS2137 pnp. AE. si 
NS1356 npn,PL,si 


MCS2138 pnp,AE,si 
TI411 npn, EP, si 
TN-53 npn,PE, si 
TN-54 npn, PE,si 
TN-59 npn,PE,si 


TN-40 npn, PE, si 
TN41 npn,PE,si 
TN-42 npn,PE, si 
TN43 npn,PE,si 
TN-464 npn,PE,si 


TN-237 npn, PE, si 
TN-238 npn, PE,si 


Dual 

Diff. Amp. 
Diff. Amp. 
Diff. Amp. 
Diff. Amp. 


Dual; Low Profile Can 
Dual; Low Profile Can 
Diff. Amp.; Low Profile Can 
s Diff. Amp.; Low Profile Can 
*150-450 i Diff. Amp.; Low Profile Can 


*300-900 H Diff. Amp.; Low Profile Can 
*50-250 

*120 

*300 


*30-100 : VHF 400mW @ 70Hz 
*100-300 : 


Wwwww mPMmmnmen 
oat .6 6 we -* 2 @ 


“at ursuensaxiavtel «i tt 


aRise 
aS 


Syenre | eee ew 
Down Sin | OMoinin 


som 


VHF 400mW @ 70 Hz 


Plas |EC, GME 


2N1253 ~ | apn,DD,si ; 3, ; AL, NA 
2N2189 pnp, AD, ge y j 
2N2191 pnp, AD, ge 


2N501A pnp, MD, ge k : *PH orig Reg, Gl 
2N1023 pnp, DR, ge 

2N 1066 pnp, DR, ge AMP. KSC 
2N1397 pnp, DR,ge SY, AMP 

2N1500 pnp, MD, ge K F *PH orig Reg, Gl 


2N2597 pnp,PL 
2N2600 pnp,PL 
2N2603 pnp,PL 
2N2798 pnp, ED,ge 
2N2799 pnp, ED, ge 


2N2837 pnp, EP, si 

2N2838 pnp, EP, si 

2N2943 pnp, ED,ge 

2N1710 npn,PL,si 1 s 

2N768 pnp,MD,ge E a *PH orig-Reg 


2N2592 pnp,PL ‘ : 

40340 npn,si : Vcev= 60; overlay type 
40341 npn,si Vcev = 80; overlay type 
SFT443A npn,si 15 

2N2193A npn,PE,si 2.8 A : CDC, GI, FA, NA, MQ AL 


2N2194A npn,PE, si F 5 A CDC, FA, Gl, NA, MO, AL 
2N2195A npn,PE,si ; f CDC, FA, GI, MO, AL 
2N2243A npn,PE, si Gl 

2N2350A npn,PE, si : *20 : 

2N2351A npn,PE, si ; : NA 


2N2352A npn,PE,si ' " : NA 
2N2353A npn,PE, si i 1 ¥ NA 
2N2364A npn,PE, si fF : ‘ CDC, NA 
| 2N3843 npn,PE,si i 100 3 ‘ 10.5 dB (max rf nf) 
2N3843A npn,PEP, si xB A 8.5 d B (max:rf nf) 


2N3844 npn,PE, si YS 10.5 d B( max rf nf) 
2N3844A npn, PEP, si : , 8.5 d B (max rf nf) 

| 2N3845 npn,PE, si A i; , 10.5 d B (max rf nf) 
2N3845A npn,PEP,si i H A 8.5 d B( max rf nf) 
2N1177 pnp, DR, ge 100 LAN 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 


MAX. RATINGS CHARACTERISTICS 


i. Vv 
“fy La T, *y 
Type (MHz) | (mW) | (°C) |mw/°C 
80 Lae one 
80 


2N1178 pnp, DR, ge 
2N1179 pnp, DR, ge 
2N1506 npn,PL 

2N1506A npn,PL,si 
2N2874 npn,PL, si 


2N2781 npn,PL,si 
2N2782 npn,PL,si 
2N2783 npn,PL,si 
2N702 npn, si 
2N703 npn, si 


2N758B npn,PL 
2N995 pnp,PE,si 
2N1499B pnp, ED,ge 
2N1709 npn,PL,si 
2N2048 pnp,MD, ge 


TRWS, GI, NA 
TRWS, FA, SY, GI, NA 


MO, TR 


NUC 
*PH orig Reg 


2N2048A pnp, MD, ge *PH orig Reg 
2N2400 pnp, MD, ge *PH orig Reg 
2N2520 npn,PL 

2N2593 pnp,PL 

2N2604 pnp,PL TI, AL, UC 


2N2654 
2N2797 
2N2927 
2N2942 
2N3081 


2N3081/46 


pnp, AD, ge 
pnp, ED, ge 
pnp,PE,si 
pnp, ED, ge 
pnp, EP,PL,si 


npn,PL, EP, si 


2N3081/51 npn,PL,EP,si cS 

2N3245 pnp, ED, si 28. Tl 
2N3262 npn, si 57 

2N3638 pnp,PE, si 7. JEC, GME 
2N3763 onp,AE,si 22. Icex=0,1 
2N3765 pnp,AE,si Le Icex=0.1 
2N3818 npn,EP, si 167 

SFT440 npn, si 


2N1499A pnp,ge Gl 


2N3962 pnp,DP, si 
2N3963 pnp, DP, si 
2N3964 pnp, DP, si 
2N3965 pnp, DP, si 
40263 pnp, DR, ge 


2N2525 npn,PL,si 91. 

A301 npn,PL,si 2 

2N2913 npn, DP, si 3.42 SPR, Gl, AL, UC, MO 
2N735A npn, PL 2.85 TR 

2N739A npn,eL 2.85 TR 


2N759B npn,PL 2.85 
2N2207 pnp, AD, ge 0.25 
2N2459 npn,PL 2.3 

2N2463 npn,PL 2.85 
2N2512 pnp, AD,ge 0.25 


2N2515 npn,PL 


2N2518 npn, PL 
2N2519 npn,PL 
2N2521 npn,PL 


2N2605 pnp, PL Tl, AL, UC 
HF 48 

2N3244 pnp,ED,si Tl 

2N3253 npn,AE,si NA 

2N1493 npn, si 

2N2494 pnp, AD,ge 

2N2495 pnp, AD, ge 


2N2496 pnp, AD,ge 
2N3074 pnp,PADT,ge 
2N3762 pnp,AE,si 
2N3764 pnp, AE, si 
2N588 pnp,MD, ge 


Icex=0.1 
Icex=0.1 

*PH orig Reg, Gl 
TR 

TR 

GI, TR, NA 

TR 

GI, TR 


2N706/51 npn, si 
2N706A/51 npn, si 
2N706B/46 npn,PE, si 
2N706B/51 npn, si 

2N706C/46 npn, si 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 


Package 
Outline 


2N706C/51 TR 
2N736B TR 
2N740A TR 
2N752 
2N760B TR 
HF 50 
2N783 npn, EP, si : s FA 
2N869 pnp, DP, si ; P K MO 
2N1962 npn,PE, si : i 
2N1963 npn,PE, si 
2N2397 npn,PE, si 
2N2401 pnp,MD, ge *PH orig Reg 
2N2460 npn,PL 
2N2464 npn,PL 
2N2516 npn, PL 
2N2522 npn,PL 
HF 51 
2N2618 npn,PE,si *50-200 TRWS 
2N2618/4 npn,PE,si *50-200 
2N2876 npn, Si 50-275 Tl, VEC 
2N2904 pnp,AE,si *40-120 GI, TR, SPR, AL 
2N2904A pnp, AE, si *40-120 GI, TR, SPR, AL 
2N2905 pnp, AE, si 100-300 GI, TR, SPR, AL 
2N2905A pnp, AE, si i 100-300 GI, TR; SPR, AL 
2N2906 pnp,AE,si : ; 40-120 TR, SPR, AL 
2N2906A pnp, AE, si a ) *40-120 GI, TR, SPR, AL 
3 2N2907 pnp, AE,si : f *100-300 GI, TR, SPR, AL 
H 
2N2907A pnp, AE, si : *100-300 GI, TR, SPR, AL 
2N2951 npn, EP, si *20/150 W. 
2N2952 npn, EP, si . *20/150 
2N3133 pnp, AE, si : *40-120 
2N3134 pnp, AE, si x *100-300 
2N3135 pnp,AE,si *40-120 
2N3136 pnp, AE, si *100-300 SPR 
2N3229 npn, si = 15 W (min.) @ 50MHz 
2N3252 npn.AE, si *30-90 NA 
2N3298 npn, E, si *60-120 TRWS 
HF 53 
2N3323 pnp, EA,ge *30-200 
2N3324 pnp, EM, ge *30-200 
2N3325 pnp, EM,ge *30-200 
2N3426 npn,PE, si *50 
2N3619 npn, PE, si *40 
2N3621 npn,PE,si Isolated Collector 
2N3622 npn,PE,si 
2N3620 npn,PE, si x +MT-27 
2N3623 npn, PE,si i 
2N3624 npn, PE, si 2 +MT-27 
HF 54 
2N3625 npn,PE, si Isolated Collector 
2N3626 npn,PE,si 
2N3627 npn, PE, si 
2N3628 npn,PE, si : + MT-27 
2N3629 npn,PE,si Isolated collector 
2N3630 npn,PE, si 
2N3691 npn,PL,si 00 ; ; 5-3. RO97A package, CDC 
2N3692 npn,PL,si : : RO97A package, CDC 
2N3693 npn, DP, si 0 RO110 package 
2N3694 npn, DP, si RO110 package 
HF 55 
2N3701 npn,DPE,si 
2N 3766 npn, DPE, si 
2N4125 pnp,AE,si . : ° 
A415 npn,PL,si % i Cre=0.55 pf. 
A1590 npn, si , Cre=0.55 pf. 
FT4017 pnp, DPE, si *100-500 Dual pnp 
FT4018 pnp,DPE, si *100-600 Dual pnp 
MPS706 npn, EP, si *20 
MPS2923 npn,EP, si 235-470 
MPS2924 npn, EP, si 150-300 
HF 56 
MP$2925 npn, EP, si 90-180 
SFT445 npn, si *10 
TN-81 npn, PE, si *50 
UD-3005 npn,PE,si *100-300 npn Quad 
UD-3006 pnp,PE,si *100-300 pnp Quad 
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Who could build a better 


Silicon power transistor 


We could. 
Meet DTS-431. 


ee 


lc (AMPS) 


cam 
zon] | 
ete - 
esti * | | 
sor 


TYPICAL SWITCHING TIMES: 0 50 


Rise time | —0.40 Microseconds 
Storage time—0.45 Microseconds 


Fall time © —0.35 Microseconds SAFE OPERATING AREA CURVES 


SQUARE WAVE PULSES OF 
THE SPECIFIED LENGTH 
AT A DUTY CYCLE 4% 


than our DIS-423? 


Introducing the DTS-431, the newest addi- 
tion to Delco Radio’s line of high voltage 
silicon power transistors. It offers you a 
number of distinct design advantages over 
the DTS-423, including an even higher 
current capability. 


What’s more, the DTS-431 permits you to 
design with complete freedom within the 
rated specifications, for its safe operating 
data is not based on mere probability. Sus- 
taining voltage (VCEO SUS) tests are per- 
formed on every DTS-431 we make. Not just 
a sample. Every one. 


Why not get all the facts from your nearest 
Delco Radio sales office or distributor? 


DELCO RADIO 


DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 


UNION, NEW JERSEY* SYRACUSE, NEW YORK 

Box 1018 Chestnut Station (201) 687-3770 1054 James Street (315) 472-2668 
CHICAGO, ILLINOIS* SANTA MONICA, CALIF.* 

5151 N. Harlem Avenue (312) 775-5411 726 Santa Monica Blvd. (213) 870-8807 


*Office includes field lab and resident engineer for application assistance. 


FIELD SALES OFFICES 


DETROIT, MICHIGAN 

57 Harper Avenue (313) 873-65C0 
GENERAL SALES OFFICE: 700 E. Firmin 
Kokomo, Ind. (317) 457-8461—Ext. 2175 
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High-Frequency (continued) 


MAX. RATINGS CHARACTERISTICS 


(°c) |mw/°C} (VY) 


npn, pnp, PE,si : Complementary Quad 
- Quad 

pnp,MS, ge 

npn,PL 

npn,PL 


pnp,PE,si : 4 : TR 

pnp, MD, ge ‘ f : *PH orig Reg, Sl 
pnp, MD, ge ; : *PH orig Reg 

pnp, PADT ge : 8 4 lead 

npn,PL . : AMP, TR, AL, UC 


npn, DP, si A y 
npn, DD, si A : TRWS, AMP 


npn, si : 
2N2217 npn,PE,si ) ; Gl, FA, SPR, TR, NA, TRWS, 
AMP, AL 


2N2218 npn, PE, si \ Gl, FA, SPR, TR, NA, TRWS, 


me AL, AMP 
2N2218A npn,AE,si : SPR, TR, NA, AL 
2N3292 npn,E,si } A 

2N3293 npn,E,si 


2N3294 npn,E,si 
2N3326 npn, PE, si 
2N3409 npn, si 
2N3410 npn,PE, si 
2N3411 npn, PE, si 


2N3502 pnp,PE, si : 70 : Tl 
2N2219 npn,PE, si 0.0 Gl, FA, SPR, TR, NA, TRWS, 


AL, AMP 
2N2220 npn, PE, si : i GI, FA, SPR, TR, NA, TRWS, 
AMP, AL 


2N2221 npn, AE,si : Gl, FA, SPR, TR, NA, TRWS, 
AL 


AMP, 
2N2221A npn,AE,si : - GI, SPR, TR, NA, AL 
2N2222 npn,AE, si : - l TRWS, GI, FA, SPR, TR, NA, 
AL, AMP 


2N2273 pnp, EM, ge : 

2N2402 pnp,MD, ge : *PH orig Reg 
2N2462 npn,PL f ; 

2N2466 npn, PL E ; 

2N2476 npn,PE,si i : SPR 


2N2477 npn,PE,si 5 i SPR 
npn,PL : i 
npn, AE,si ‘ ; GI, NA, SPR 
npn, AE, si ‘ é GI, NA, SPR 
npn,AE,si ; , : ; GI, NA, SPR 


npn, AE, si : k *100/300 F GI, NA, SPR 
npn,PE, si *20-60 SPR 

npn, PE, si 3 *40-120 

npn,PE, si i *100-300 

npn,PE,si : i *20-60 


npn,PE, si 

npn,PE, si - ji h S$ 

npn,AE,si é GI, SPR, TRWS 
npn,AE,si , GI, SPR, TRWS 
npn,PE,si *10 SPR 


npn, AE, si 3 2 GI, SPR, TRWS 
npn, AE, si : : GI, SPR, TRWS 
npn, si : 

npn, si 

pnp, ED, si 


pnp,ED,si 
pnp, EM,ge 
pnp, EM,ge 
pnp, EM,ge 
2N3286 pnp, EA,ge 


2N3291 npn,€, si 
2N3503 pnp,PE, si 
2N3504 pnp, PE, si 
2N3505 pnp, PE, si 
2N2656 npn,PL, si 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 


2N3734 
2N3735 
2N3736 
2N3737 
2N3903 


2N3905 


Fr PO PO 
Caer aie, tee 


npn,AE, si 


pnp,AE,si *50-150 


MYM DNMY MK wD 
siete ke . 


2N3946 npn,AE, si *50-150 

2N4123 npn, AE, si *50-150 

2N4126 pnp,AE,si *120-360 ‘ . 

2N930A npn,PL *150 : AMP, AL 


HF 64 


HF 65 


2N1492 npn, si 20 15-200 

2N2524 npn,PL 2.3 *100 

AF 109 pnp,MS, ge 2.5 *100 age pre-stages 
FT 4019 pnp, DPE, si .0062 *250-600 


Dual pnp 
2N784 npn, EP, si *25-150 FA 


2N784/51 npn, EP, si *25-150 
2N784A npn, EP, si 300 *25-150 
2N835 npn,EP, si A 201- 

2N835/'46 npn,PE, si *20 
2N835/51 npn,PE, si *20 


SY, GE, Gl, ITT, SPR 
Gl 


2N914/46 npn,PE, si *30-120 Gl 

2N914/51 npn,PE,si *30-120 

2N915 npn, DP, si f *100 AMP, NA, AL 
2N963 pnp, EM, ge ‘20/- SY, Tl, RCA 


2N967 pnp, EM, ge 40/- 
2N988 npn,PL,si i *20-120 


SY, Tl, RCA 


2N989 npn,PL,si i *20-120 

2N1493 npn, si 15-200 CT 

2N2219A npn,PE,si 300 100-300 TR, SPR, TRWS 
2N2222A npn,AE, si : *100-300 GI,.SPR, TR, NA, TRWS 


2N2318 npn, si STC 
2N2319 npn, si STC 
2N2320 npn, si STC 
2N2381 pnp, EM, ge 
2N2382 pnp, EM, ge 
2N2489 pnp, ED,ge 
2N2795 pnp, ED, ge 
2N2796 pnp, ED,ge 
2N2885 npn,PL,si 
2N2887 npn,PL,si 
2N3043 npn, PE, si Flat Pack 
2N3249 pnp,AE,si 
2N3251 pnp,AE,si 
2N3281 pnp, EM, ge 
2N3282 pnp, EM, ge *10-100 
HF 68 
2N3289 npn, E,si *10-200 AL 
2N3290 npn, E, si *19-200 AL 
2N3307 pnp, EA, si *40-250 
2N3308 npn,EA,si *25-250 
2N3309 npn,E;si *5-100 


2N3854 npn,PE,si 2 *35-70 
2N3854A npn,PEP,si fis *35-70 
2N3904 npn, AE, si By *100-300 
2N3906 pnp,AE,si 23 *100-300 
2N3947 npn,AE,si 6 *100-300 


CO t wWH ND 


2N4124 npn,AE,si 2.81 *120-360 

2N4264 npn, AE, si 2.81 *40-160 

2N4265 npn,AE,si 2.81 *100-400 

40292 npn,si 1 - Vces=90; overlay type 
A467 npn,PL,si 1 Cre=.015 pf 


5 
wo | os 


ED-322 pnp, ge 1. Hi Rel 2N2795 

MM709 npn, AE, si 4 

T1408 npn,PL,si 2 Plast IEC, GME 

TI409 npn,PL,si 2 Plast IEC, GME 

2N503 pnp,MD,ge 0.5 *PH orig. Reg. 
HF 70 

2N779A pnp,MD, ge 0.8 *PH orig Reg 

2N846A pnp,MD,ge 0.8 *PH, orig, Reg 

2N968 pnp,MD,ge 4 eT 

2N969 pnp,MD, ge 4 Tl 

2N970 pnp,MD, ge 4 Tl 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 


MAX. RATINGS CHARACTERISTICS 
Cc 


T »yCEO 
j Ra Nee 
(°c) | mW/°C 


C) 
2N971 pnp,MD, ge 100 
2N972 pnp,MD, ge 100 
2N973 pnp,MD, ge 
2N974 pnp,MD,ge 
2N975 pnp,MD,ge 


2N2256 npn,ME, si 
2N2257 npn,ME,si 
2N2258 pnp,ME,ge 
2N2259 pnp,ME, ge 
2N834/46 npn, EP, si 


2N834/51 npn, EP, si 
2N914 npn, PE, si 


2N984 pnp,MD,ge 
2N2170 pnp, MD, ge 


2N2501 npn,AE,si 
2N2845 npn,PE,si 
2N2846 npn, PE, si 
2N2847 npn,PE, si 
2N2848 npn,PE,si 


1 PP rm ee ed 


to 


Ue MP, TR, GI, AMP, SPR, NUC, 
M 


SY, Gl, TR, SPR 
SPR, NA 
SPR, NA 
SPR, NA 
SPR, NA, RCA, NUC 


PHN MD OD ai 
: 
~Mwnmwwo wo 


2N2894 pnp,PE, si ’ 
2N2955 pnp, EM, ge 4 *20/60 
2N3009 npn, PE, si *1 


2N3287 npn,E,si é *15-150 
2N3288 npn,E,si 4 *15-150 
2N3855 npn, PE, si Ml *60-120 
2N3855A npn,PEP,si i *60-120 
40282 npn, si j - 


MPS834 npn,EP, si *25 
2N741 pnp, DM, ge *25 
2N741A pnp, DM, ge 75 
2N2487 pnp,ED,ge H *20 
2N2488 pnp, ED, ge i *20 


2N2956 pnp, EM, ge *40-120 
2N3856A npn, PEP, si 4 

2N3856 npn,PE, si : ; 

2N706 npn,DD,si Z ; Hl SY, MO, TR, Gl, AMP, SPR, ITT 
2N706B npn, EP, si ; FA, SY, Gl, TR, ITT 


2N706C npn, DD,si ‘ i ; GI, TR 

2N707 npn, DD, si 3 } TRWS, MO, Gl 

2N708 npn, DP, si A ; FA, SY, MO, TR, Gl, AMP, RCA 
2N828 pnp, EM, ge : 4 s SY, TI, RCA, LAN 

2N828A pnp, EM, ge iy s Tl 


2N829 pnp, EM, ge ; f Tl 
2N916 npn, DP, si 400 : k TRWS, AMP, NA, MO 
2N2096 pnp, ED, ge ae 
2N2097 pnp, ED, ge ~ 
2N2099 pnp, ED, ge MO 


2N2100 pnp, ED, ge 
2N2957 pnp, EM, ge 
2N2996 pnp, ge 
2N2997 pnp, ge 
2N3279 pnp, EM, ge 


2N3280 pnp, EM, ge 
2N3299 npn,PE, si 
2N3300 npn,PE, si 
2N3301 npn,PE, si 
2N3302 npn, PE, si 


2N3327 npn 
2N3337 npn,PE, si 
2N3338 npn,PE, si 
2N3339 npn,PE,si 
2N3371 pnp,ge 


2N3632 npn, si RCA “Overlay” emitter type, 
MO, VEC 

2N3688 npn,PL,si : RO110 package 

2N3689 npn,PL,si 2 RO110 package 

2N3690 npn,PL,si RO110 package 


(see pages 4-9 for explanation of company abbreviations.) 
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GENERAL INSTRUMENT SEMICONDUCTORS 


CONDENSED CATALOG / 1966 


GENERAL INSTRUMENT CORPORATIONS SEMICONGUe TOREPRODUCTS GROUP 


INTRODUCTION 


CONDENSED CATALOG tee 


From the simplest diode... 


to the most complex 
Microelectronics array 


... That, in a few words, is an apt description of Generat 
Instrument’s Semiconductor line. But it is by no means 
complete, because this line is characterized by several 
far-reaching technical developments which have had a 
profound effect on many segments of the electronic 
industry. 

Two such developments are depicted on the cover of 


this publication: The enormously complex MOS array, for 
example, represents previously unimagined opportunity 
for the computer manufacturer. The idea of an entire 
computer on a single 80-by 58 mil chip is already entirely 
feasible. You'll find MOS arrays and field effect transis- 
tors listed on Page 4. 

And, at the other end of the semiconductor spectrum, 
the simple diode has undergone an amazing evolution. 
The recent General Instrument announcement of the 
HERCULEADST.M. Beam-Lead Diode (listed on Page 10) 
has ushered in a new era in processing discrete semi- 
conductors. 

No bigger in its entirety than a typewriter period (it 
takes 4 million to make a pound), the HERCULEADS 
diode is practically indestructible — it can withstand 
impact shocks of 200,000 G’s; is immune to the metal- 
lurgical “diseases” that plague conventional devices; 
and is completely “passivated” in the production proc- 
ess, so that it needs no hermetically sealed container to 
protect it from environmental effects. 

These are just two of many technical achievements 
you'll find incorporated in General Instrument’s semi- 
conductor line. Glass-Amp® Rectifiers and Zener Diodes; 
Hybrid Micro-circuits; a new line of low-cost epoxy- 
packaged silicon transistors — they’re all listed on the 
following pages in an easy-to-use format. Also, you'll find 
the numerical index beginning on Page 22 an additional 
convenience. 

And it goes without saying, of course, that service from 
any of the General Instrument sales offices or authorized 
distributors throughout the country is no further away 
than your telephone. 


CONTENTS 


SECTION 


MOS SEMICONDUCTORS 
MOS MICROCIRCUIT ARRAYS 
MOS FIELD EFFECT TRANSISTORS 


HYBRID MICROCIRCUITS 
HIGH SPEED DIGITAL MICROCIRCUITS 
MULTICHIP ANALOG CIRCUITS 


SILICON RECTIFIERS 
Glass-Amp® SILICON RECTIFIERS 
SILICON RECTIFIERS & DIODES 
SILICON DIODES 


HERCULEADS™ BEAM-LEAD 
DIODES 


ZENER VOLTAGE 
REGULATOR DIODES 


GERMANIUM TRANSISTORS 
SILICON TRANSISTORS 


EPOXY ENCAPSULATED 
SILICON TRANSISTORS 


GERMANIUM DIODES 
SOLID STATE ASSEMBLIES 
SELENIUM RECTIFIER ASSEMBLIES 


3 


MOS SEMICONDUCTORS 


MOS MICROCIRCUIT ARRAYS (Ta = —55°C to +85°C) 


FUNCTION SUPPLY SHIFT PULSE 
RIRGRAM CONSUMPTION VOLTAGE eae CAPACITANCE IMPEDANCE 
SHIFT REGISTER, FLIP-FLOP CIRCUITS 


MEM 3021 21-Bit dc, 1¢ clock 1 —28 +5% dc to 500 <2 
2MEM 3020 20-Bit Dynamic, 2¢ clock —26 +5% dc to 1 Mc 2 ores 


°MEM 1005 RST Flip-Flop —28 +5% de to 1 Mc oe 


'Formerly MEM 501. 2 Formerly MEM 521. 3Formerly MEM 529. 
PROPAGATION 
DELAY CAPACITANCE FREQUENCY 
(nsec) (pf) (kHz) 


30 —26 +5% 500 3.0 dc to 500 
—12 & 26 +5% 500 3.0 dc to 500 


LOGIC CIRCUITS 


'1MEM1002 Dual 3-Input NOR-Gate 
MEM 1000 Dual Full Adder 


' Formerly MEM 522. 


Ne 
aL 


ON ee aa OFF Balt 
SERIES SHUNT PER U 
RESISTANCE (SERIES OR (SERIES OR 
SHUNT) $ 


SIGNAL VOLTAGE 
HANDLING 


SERIES SHUNT CHOPPER . RATIO CIYPL (TYP) 


1 Integrated Series Shunt +3 13 
MEM 2008 Chopper Circuit (See Fig. 6) 4 0 1 100 200 DB 6x10 10 luV up to 10V 


' Formerly MEM 590. 


MULTIPLEXER CIRCUITS 


1MEM 2001 See circuit diagram 
MEM 2002 See circuit diagram 
MEM 2003 See circuit diagram 
MEM 2004 See circuit diagram 


MEM 20044 _ See circuit diagram 
MEM 2005 See circuit diagram 
MEM 2006 See circuit diagram 
MEM 2007 See circuit diagram 


IMEM 2001 thru MEM 2007 formerly MEM 5001 thru MEM 5007 
MOS SILICON P-CHANNEL ENHANCEMENT MODE FIELD EFFECT TRANSISTORS (ta = 25°C, body grounded) 


Lgl el ll eee 
QrReU OReee 


MEM 511 
MEM 517 
MEM 517A 
MEM 517B 
MEM 520 
MEM 550 
MEM 551 


MULTIPLEXER 
CIRCUIT 
DIAGRAMS ... 


FIGURE 7 
DIRECT SET 


$ 
OUTPUT, 
CLOCK — 
R 
‘ OUTPUT, 
DIRECT RESET 


MEM 1005 MEM1002 
FIGURE 3 FIGURE 4 FIGURE 8 FIGURE 9 


—V; —Vp 


g 


MEM 1000 
FIGURE 5 FIGURE 6 FIGURE 10 FIGURE 11 


MEM 2008 MEM 2005 MEM 2006 AND MEM 2007 


4 SEE PAGE 24 FOR CASE DRAWINGS 


HYBRID MICROCIRCUITS 


AMPLIFIERS 


Common- 
Mode 
Rejection 
(db) 


Input 
Broadband 
Noise 
(uVrms) 


Voltage 

TYPE* Impedance 
(Ta = 25°C) (K ohms) 

NC/PC-101 NANOCIRCUIT VIDEO 


AMPLIFIER 
OPERATIONAL AMPLIFIER 
GENERAL PURPOSE 
OPERATIONAL AMPLIFIER 
HIGH COMMON — MODE 
REJECTION 
OPERATIONAL AMPLIFIER 
LOW NOISE, WIDE B.W., H.V. 
OPERATIONAL AMPLIFIER 
LOW NOISE, WIDE B.W. 
OPERATIONAL AMPLIFIER 
ULTRA-HIGH (MOS) 
INPUT IMPEDANCE 
seem 


PC-200 


PC-201 


PC-210 90 


PC-212 100 


PC-250 10'4(ohms) 


PC-251 10'4(ohms) 


SHORT CIRCUIT PROOF 


Power 
Dissipation 
25°C 


(mW) 


Ripple 
Rejection 
pout/ win 


Output 
Impedance 


Load Line Temp. 
Regulation | Regulation Coefficient 
% % ohms mV/°C 


POWER SUPPLY VOLTAGE REGULATORS** 


PC-501 12 V OVERLOAD 
PC-503 PROTECTION 


PC-502 24 V OVERLOAD 
PC-504 PROTECTION 


NC/PC-511 12 V GENERAL 
NC/PC-513 PURPOSE APPLICATION 


PC-512 24V GENERAL 
PC-514 PURPOSE APPLICATION 


PC-521 6V GENERAL 
PC-523 PURPOSE APPLICATION 


TNCS-675A +¢5V GENERAL 
PURPOSE APPLICATION 


HIGH VOLTAGE ANALOG SWITCHES 


g9o9g9s9 99 
NFR NN Fe 


9 
Ny 
ww OU ww Wu ww 


2 99999999990 
wu PROO OY OU OH 
od 
ao 


NO Ol Oso 


Maximum 
Supply 
Voltage 
(Volts) 


Maximum 
Analog 
Voltage 
(Volts) 


Repetition 

Rate 

(KHz) 
PC-401 
PC-402 


HIGH-SPEED DIGITAL MULTICHIP MICROCIRCUITS 


TEMPERATURE RANGE —55°C to +125°C 
PROPAGATION] POWER FANOUT 
DELAY @ 25°C |DISSIPATION (EACH 

(nsec TYP) (mW TYP) OUTPUT) 


BINARY CIRCUITS 


NC-8, PC-8 FLIP-FLOP 
NC-9, PC-3 STEERING GATE 
PC-13 RST FLIP-FLOP 


NOR-GATES 


SINGLE INPUT 
COMPLEMENTARY INPUT 


MAXIMUM 
REPETITION 


5 NANDS 


SINGLE 4-INPUT 
SINGLE 6-INPUT 
DUAL 3-INPUT 


SINGLE 4-INPUT 
SINGLE 6-INPUT 
DUAL 3-INPUT 


DELAY CIRCUITS 


NC-16, PC-16 SINGLE SHOT 
PC-18 TRIGGERED SINGLE SHOT 


4 NORS 
and/or 
5 NANDS 


3 NORS 


and/or 10! 


10! 


TRIGGER CIRCUITS 


NC-17, PC-17 SCHMITT TRIGGER 


—55 to +125 
—55 to +125 


—55 to+125 


—55 to +125 
—55 to +125 


—55 to +85 


—55 to +85 


—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 
—55 to +125 


LEVELS 
(VOLTS) 


+.3V, -L5V 


+.3V, +5V 
+.3V, +5V 
+.3V, +5V 


+.3V, +5V 
+.3V, +5V 


5 NANDS 


BUFFER AMPLIFIER 


NC-12, PC-12 NON-INVERTING AMPLIFIER 15 & 28 120 mA @ .3V 


70 mA @ 5V? 


CUSTOM CIRCUITS: Complete facilities available to meet your special requirements. 
* PC prefix indicates flat packs; NC indicates TO-5 package. + Specified with external pass transistor with 3 amp load. 


_ 200 +12V +4.2V 12 


+.3V, +5V 


** These units are self-contained voltage regulators and with an external pass transistor can regulate leads up to 10 amperes. 


NOTE: ' 60% maximum duty cycle. 2 With external 100 ohm resistor. 


SEE PAGE 24 AND 25 FOR CASE DRAWINGS 
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SILICON RECTIFIERS 


TOP HAT TYPE RECTIFIERS 


1N600A 


1N601 
1N601A 
1N602 
1N602A 


1N603 


1N603A 
1N604 
1N604A 
1N605 
1N605A 


1N606 
1N606A 
1N1095 
1097 
100 


wh tt tet et ot 
2 22222 22222 22 


* Indicates MIL Type 


MAXIMUM AVERAGE 

RECTIFIED CURRENT 

V2 WAVE, RES. LOAD 
60 Hz 


STORAGE 


MAXIMUM FORWARD 
PEAK SURGE CURRENT 
1~, 60 Hz 
SUPERIMPOSED 


CASE 33 


MAXIMUM MAXIMUM 
REVERSE CURRENT 
RATED 


@ 
DC BLOCKING VOLTAGE 
@ 25°C AMB 


oo 


~ 
NO ONWNN BPRRERRH FrOOOC 


DD DHADHR NPNNNN HERO VU VWHUHH DONUT PREPRBE BPROOO GO0UuWN VU UNUM 
C9999 Sy yrN PNENE NENEN PNEN ON ONW! a t oC 
BREE HOOOU OUOMUO WOUDMN OMUdDUM Uo OM000 NNUMUMO ONN 


RRR BRR PREER BPREHOO OOOO BREE BERR H BREE RRR BRR RRR ER PEN NND NNN E BRR Bee 


Qu Vann anu w 


SEE PAGE 25 FOR CASE DRAWINGS 


Glass-Amp® SILICON RECTIFIERS 


KG100F 
KG100G 
KG100H 


Glass-Amp® RECTIFIERS CASE 38 
MAXIMUM 
MAXIMUM REVERSE TYPICAL 
MAXIMUM AVERAGE FORWARD CURRENT @ MAXIMUM JUNCTION 
RECTIFIED PEAK SURGE MAXIMUM RATED DC REVERSE CAPACITANCE 
STORAGE CURRENT FORWARD BLOCKING RECOVERY 25°C 
1~, 60 Hz VOLTAGE @ VOLTAGE @ 25°C * INDICATES 
SUPERIMPOSED Ta 25°C 25°C AMB AMB MAX 
TYPE F VR IR REF. VR 
NUMBER DC Vpc mApc NOTE Vpc 

G100B 1.0 
1N4383 1.0 
1N4384 1.0 
1N4385 1.0 
1N4585 1.0 
1N4586 1.0 
1N4250 2.0 
1N4251 2.0 
1N4252 2.0 
1N4253 2.0 
1N4254 4.8 
- 1N4255 4.8 
1N4256 4.8 
1N4257 4.8 
DG100) 2.0 
DG100K 2.0 
> DG100M 2.0 
5.0 
5.0 
5.0 


«Indicates MIL Type 


Glass-Amp® FAST RECOVERY RECTIFIERS CASE 38 


1N5055 
1N5056 
1N5057 
1N5058 


CASE 38 


MAXIMUM 


AVALANCHE 10us 
BREAKDOWN PULSE 
VOLTAGE AVALANCHE 
RANGE POWER 


Glass-Amp® CONTROLLED AVALANCHE RECTIFIERS 


AG100D 200 1000 50 —55 175 —S55 175 1 1000 200 5 500 240 700 
AG100G 400 1000 50 —55 175 —55 175 50 1 1000 400 5 750 450 700 
AG100J 600 1000 50 —55 175 —55 175 1 1000 600 5 1000 675 


PA325 
PA330 


PA340 
PA350 
PA380 


FLANGELESS RECTIFIERS CASE 36 
1N2610 1.0 
1N2611 1.0 
1N2612 1.0 
1N2613 1.0 
1N2614 1.0 
1N2615 1.0 
1N2616 1.0 
1N2617 1.0 
*1N3189 1.0 
*1N3190 1.0 
*1N3191 1.0 
PLASTIC RECTIFIERS CASE 37 
1N2069 200 1.2 
1N2070 400 1.2 

‘ 1N2071 600 1.2 
PA300 1.5 

PA305 15 

PA310 1.5 

PA315 ae 

- PA320 Te 
15 

1.5 

1.5 

Ls 


Note: 1. When switched from 1 ampere forward current to —30 volts. 


SEE PAGE 25 FOR CASE DRAWINGS 7 


SILICON RECTIFIERS AND DIODES 


STUD TYPE RECTIFIERS CASE 34 


MAXIMUM MAXIMUM 
MAXIMUM AVERAGE MAXIMUM FORWARD > REVERSE CURRENT 
RECTIFIED CURRENT OPERATIONAL STORAGE PEAK SURGE CURRENT @ RATED 
V2 WAVE, RES. LOAD : . 1~, 60 Hz DC BLOCKING VOLTAGE 
60 Hz SUPERIMPOSED @ 25°C AMB 


*1N253 
*1N254 
*1N255 
*1N256 

1N332 


1N333 
1N334 
1N335 
1N336 
1N337 


1N338 
1N339 
1N340 
1N341 
1N342 


1N343 
1N344 
1N345 
1N346 
1N347 


1N348 
1N349 
1N562 
1N563 
1N2026 


1N2027 
1N2028 
1N2029 
1N2030 
1N2031 


a vu 


a o 
’ 


o 


Vie eh ONE SNP NO BNE NE ct 
Foon oMngg VUNGGTS DAHGHG TouWTS 
a 


VNUNNV NEP NE NV NENEN NEN wine. 
OO000 OWWON DONO SONOS CKONSO Nouuwy 


GLASS DIODES CASE 35 


MAXIMUM 
MAXIMUM AVERAGE MAXIMUM FORWARD REVERSE CURRENT 
RECTIFIED CURRENT OPERATIONAL STORAGE PEAK SURGE CURRENT @ RATED 
V2 WAVE, RES. LOAD . 5 1—, 60 Hz DC BLOCKING VOLTAGE 
SUPERIMPOSED @ 25°C AMB 


~) 
a 


1N456 

1N456A 
*1N457 

1N457A 
*1N458 


1N458A 
*1N459 
1N459A 
1N461 
1N461A 


1N462 


1N462A 
1N463 
1N463A 
1N464 


1N464A 
1N482 
1N482A 
1N482B 
1N483 


1N483A 
*1N483B 
1N484 
1N484A 
1N484B 


1N485 
1N485A 
*1N485B 
1N486 
1N486A 
*1N486B 
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PRE RRR BRR RRR BR RRR RR 


-Indicates MIL Types 


8 SEE PAGE 25 FOR CASE DRAWINGS 


SILICON DIODES 


GLASS DIODES CASE 35 


MAXIMUM 
MAXIMUM REVERSE TYPICAL 
MAXIMUM AVERAGE FORWARD MAXIMUM CURRENT @ MAXIMUM JUNCTION 
RECTIFIED PEAK SURGE FORWARD RATED DC REVERSE CAPACITANCE 
CURRENT OPERATIONAL phy CURRENT VOLTAGE @ BLOCKING RECOVERY @ 25°C 
V2 ie og LOAD TEMP. 1~, 60 Hz Ta 25°C Bed ner @ 25°C * ar pag 
RANGE SUPERIMPOSED AMB OAM 


C0000 
* * 


¥ 


S999 S9OOS SSouMmHGH DNENeE 
eS eee eee) eee 
S000 0000 GO0000 OOKFOF 
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FAST RECOVERY GLASS DIODES CASE 35 
0.5 L.5 1 1 1.0 4.0 8.0 
0.5 15 1 1 1.0 4.0 8.0 
0.5 1.5 1 1 1.0 4.0 8.0 
0.5 abs 1 a 1.0 4.0 8.0 
0.5 5 1 1 1.0 4.0 8.0 
0.5 1 uh 2 0.3 10 *3 
0.5 1 1 2 0.3 10 «3 
0.6 1 .05 ‘3 0.3 4.0 6.0 
0.5 1 5 4 0.3 4.0 6.0 
0.5 1 5 4 0.3 4.0 6.0 
0.5 il ? 4 0.3 4.0 6.0 
0.5 1 1 S "ss #66 
0.5 ul 5 5 0.5 4.0 6.0 
0.5 al 1 6 0.5 4.0 6.0 
0.5 1 5 6 0.2 4.0 6.0 
0.5 1 5 6 0.5 4.0 6.0 
0.6 al 5 te 0.5 4.0 6.0 
0.5 1 1 8 0.5 4.0 8.0 
0.5 ul 5 8 0.2 4.0 8.0 
0.5 1 5 8 0.5 4.0 8.0 
0.6 1 5 9 0.5 4.0 8.0 
0.5 1 1 8 0.5 4.0 8.0 
0.5 1 5 8 0.2 4.0 8.0 
0.5 1 5 8 0.5 4.0 8.0 
0.6 1 5 9 0.5 4.0 8.0 
0.5 1 1 8 0.5 4.0 8.0 
0.5 1 5 8 0.5 4.0 8.0 
0.5 1 5 8 0.5 4.0 8.0 
0.5 1 0 8 0.5 4.0 8.0 
0.6 1 het 3 3 4.0 8.0 
0.6 1 Ki 3 a 4.0 8.0 
0.6 1 all 3 3 4.0 8.0 
“W" SINGLE PHASE BRIDGE CASE 41 
1000 100 
1000 100 
1000 100 
600 1000 100 
Notes: 1. To 400K ohms minimum measured in modified IBM “Y” 6. To 200K ohms when switched from 5mA forward current 
test circuit when switched from 30mA forward current to to —20 volts in JAN 256 circuit. 
—35 volts. 7. To 100K ohms when switched from 5mA forward current 
° 2. To 200K ohms when switched from 5mA forward current to —20 volts in JAN 256 circuit. 
(1 us pulse) to —40 volts in JAN 256 circuit. 8. To 200K ohms when switched from 5mA forward current 
3. To 80K ohms when switched from 5mA forward current to to —40 volts in JAN 256 circuit. 
—40 volts in JAN 256 circuit. 9. To 100K ohms when switched from 5mA forward current 
4. To 400K ohms when switched from 35mA forward current to —40 volts in JAN 256 circuit. 
to —35 volts in JAN 256 circuit. 
5. To 100K ohms when switched from 5mA forward current 


to —40 volts in JAN 256 circuit. 


Indicates MIL types. 


SEE PAGE 25 FOR CASE DRAWINGS 


SILICON RECTIFIERS AND DIODES 


GLASS DIODES CAPSIL® CASE 35 


NOMINAL CAPACITANCE MIN. Q@ 
CAPACITANCE RANGE OPERATIONAL STORAGE @ 50 Mz, 
@ ee Dc,; @ We oc, TEMP. TEMP. —4 VOLTS DC, 

Cc 


Pealed':) 
> 
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ULTRA-FAST PLANAR COMPUTER DIODE CASE 40 


MAXIMUM 
MAXIMUM REVERSE 
MAXIMUM AVERAGE FORWARD MAXIMUM CURRENT @ MAXIMUM 
RECTIFIED PEAK SURGE FORWARD RATED DC REVERSE TYPICAL 
CURRENT a as gd hipaa VOLTAGE @ BLOCKING ytd JUNCTION 
V2 bate \ a LOAD ~ 60 Hz Ta = 25°C 5°C nei a 
SUPERIMPOSED AMB CAMB 


GP101A =e 
GP101B 
GP102A 
GP102B 
GP103A 


GP103B 
GP104A 
GP104B 
GP105A 
GP105B 


Note 1—When switched from 10 mA forward current to —6V in special computer test circuit. Recovery to 1 mA through loop impedance 100 ohms. 
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HERCULEADS*...The Ultimate Diode (~)sctua «ic 


General Instrument’s HERCULEADS beam-lead diode is a self- 
contained diode package with total environmental immunity — the 
smallest discrete diode available — and it is virtually indestructable. 


1 Special low resistance contact area. 

2 Gold leads. aff ae Gey 
Lead mass large relative to mass 
of diode. 

Both leads on same face of chip. Nias Le 

3 Bonding area external to active device. 

4 Junction completely shielded by leads. 

5 Oxide-passivation. OUTLINE DRAWING 

6 Silicon Chip All Dimensions in Mils 

Electrical 

Specifications 

for XH100 SERIES at 25°C. 

RR ies eet eae 90V 

‘le yee mors 40 mA @ 1V 

et ee 2nA @ —40V 

‘Cite eee ee | 2.4 pf @ OV 

| a 4 ns, 10ma, I, to —40V / ‘6 DIAM. HERCULEAD 

eo eee The HERCULEADS* BEAM-LEAD 


DIODE is sold as a 10-PAK 
package containing 10-XH100 
beam-lead diodes. 


10 SEE PAGE 25 FOR CASE DRAWINGS 


ZENER VOLTAGE REGULATOR DIODES 


200 mW TYPES CASE 39 250 mW TYPES Cont’d CASE 39 
MAXIMUM MAXIMUM 
DYNAMIC DYNAMIC REVERSE 
IMPEDANCE IMPEDANCE CURRENT 
POWER (See Note 1) (See Note 1) @ 25°C 
RATING @lzr @Izk @lizr @Izk Ik @ VR 
2 0.2 i 1N742 4 
2 0.2 0. 1N743 4 
Z 0.2 0.5 1N744 4 
2 0.2 0.5 1N745 4 
2 0.2 0.5 1N761 6 
2 0.2 0.1 1N762 6 
2 0.2 0.1 1N763 6 
2 0.2 0.1 1N764 6 
2 0.2 0.1 1N765 6 
2 0.2 0.1 1N766 6 
2 0.2 0.1 1N767 6 
2 0.2 1 
1N768 6 
= 0.2 1N769 6 
. 2 0.2 1 
5 oS 1 1N3477 4 
3 2-3.2 5 75 400 mW TYPES 
3 3-3.9 5 50 CASE 39 
3 S745 5 5 3.3 1 
2 3 4.3-5.4 = 5 36 10 
3 §264 5 5 39 0 
4.3 1.0 
3 6.2-8.0 5 5 
ee : " - 
2 .7-4. 
2 43-54 5 5 ee ee 
2 5.2-6.4 5 5 62 2.0 
2 6.2-8.0 5 5 68 50 
250 mW TYPES CASE 39 a 6.0 
8.2 6.5 
2-3.2 9.1 7.0 
3-3.9 10 
8.0 
3.7-4.5 12 9.0 
4.3-5.4 6.8 . 
5.2-6.4 
7.5 
6. 0 3.2 
9.1 
10 
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*1N977B 


*1N978B 
*1N979B 
*1N980B 
*1N981B 
*1N982B 


*-1N983B 
*-1N984B 
*1N985B 
*1N986B 
*1N987B 


-1N988B 
*1N989B 
*1N990B 
*1N991B 
*1N992B 
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5 
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1 
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- Indicates MIL Type. 


Notes: 1. Unless otherwise specified in notes, dynamic impedance 
is measured by superimposing alternating current equal to 
10% of the direct current IzT or 1ZK. 


10% tolerance: suffix A= 5%, Double anode type. 
10% tolerance: suffix A —5%, suffix B= 1%. 
10% tolerance: suffix A= 5%. 


10% tolerance: suffix A=5%. For dynamic impedance 
superimpose 1mA ac upon IztT 


. 10% tolerance. 
. 20% tolerance: suffix A= 10%, suffix B= 5%. 


NO} Sh ae 


SEE PAGE 25 FOR CASE DRAWINGS 11 


ZENER VOLTAGE REGULATOR DIODES 


1 WATT FLANGELESS TYPES CASE 36 1 WATT Glass-Amp® CASE 38 


MAXIMUM MAXIMUM 
mreoance | Cok | Gunnenr 
(See Note 1) 


@lizr @Izk 


1N4162 
1N4163 
1N4164 
1N4165 
1N4166 


1N4167 
1N4168 
1N4169 
1N4170 
1N4171 


1N4172 
1N4173 
1N4174 
1N4175 
1N4176 


1N4177 
1N4178 
1N4179 
1N4180 
1N4181 


1N4182 
1N4183 
1N4184 
1N4185 
1N4186 


1N4187 
1N4188 
1N4189 
1N4190 
1N4191 
1N4192 
1N4193 


SEE NOTE 2 
SEE NOTE 2 
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eAvailable in MIL Type. 


Note: 1. 20% tolerance: suffix A= 10%, suffix B= 5%. 
2. VR = Vz x [100 —(% tolerance)] x 0.8 x '/ 00 


STILL THE INDUSTRY’S 
MOST POPULAR 1-AMP 


Glass-Amp | SILICON RECTIFIER 


OVER 50 MILLION 


NOW IN USE! 


e Handles one full ampere © 


at 100°C; PRV to 1,000V Fully insulated, hermetically 
sealed body mounts directly 


e Miniature Space-Saver on PC boards. 


Symmetrical package Withstands 50-ampere surge 
(only .150” x .360”) current 


12 SEE PAGE 25 FOR CASE DRAWINGS 


GERMANIUM TRANSISTORS 


GERMANIUM COMPUTER TRANSISTORS/INTERMEDIATE TO HIGH CURRENT/MEDIUM SPEED D.C. SWITCHING 


RATINGS AT 25°C AMBIENT TEMPERATURE (UNLESS OTHERWISE eae 


MAXIMUM RATINGS STATIC FORWARD CURRENT 
@ 25°C TRANSFER RATIO (hFE) 
TEST CONDITIONS 
Polarity VcB a0 


P-PNP VcBo VEBO 
N-NPN Volts | Volts bs 


2N315A 
2N316 
2N316A 
2N356 
2N356A 


2N357A 
2N358 
*2N358A 
2N377A 
2N388A 


*2N396A 
2N579 
2N580 

°2N1306 

°2N1307 
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COMPUTER TRANSISTORS/MEDIUM CURRENT FOR MEDIUM SPEED D.C. SWITCHING 


°2N404 

*2N404A 
2N438A 
2N439A 
2N440A 


2N444A 
2N445A 
2N446A 
2N447A 
2N519A 


2N520A 
2N521A 
2N522A 
2N523A 
2N585 
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MEDIUM POWER ALLOY JUNCTION TRANSISTORS FOR SWITCHING AND AMPLIFIER APPLICATIONS 


2N597 
°2N598 
*2N599 


*2N600 
2N601 
2N2648 


2N398A 
*2N1310 
2N1311 
2N1312 
2N1408 


20 20 
20 20 
20 20 


| MARIMUM RATINGS | RATINGS A.C. CURRENT GAIN 
chee COMMON EMITTER (hte) reer 
CONDITIONS LIMITS ar canal 
@: 25°¢ Vcso_ | VEBO VcEO VcB — VcE Min. 
Volts Volts Volts Volts Volts MHz 


°2N331 
*2N464 
°2N465 
*2N466 
*2N467 


Notes: éTypical Values 
« Available to Military Specifications 
G.B. - Base Connected to Case 
G.C. - Collector Connected to Case 


SEE PAGE 24 FOR CASE DRAWINGS 13 


SILICON TRANSISTORS 


MAXIMUM RATINGS FORWARD CURRENT 
@ 25°C TRANSFER RATIO (hFe) 
POLARITY Pc 
P—PNP @ 25°C | VcBo +VCER Ic 
N—NPN mW VOLTS VOLTS mA 


HIGH SPEED SWITCHES 


2N706 
2N706A 
2N706B 
2N708 
2N743 
2N744 


2N753 


2N834 
2N835 
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2N718A 
2N721 
2N722 
2N1131 
2N1132 


2N1613 
2N1711 


2N1893 


2N2192 
2N2192A 


2N2192B 
2N2193 
2N2193A 
2N2193B 
2N2217 


2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 


2N2221 
2N2221A 
2N2222 
2N2222A 


2N2303 


2N2837 
2N2838 


2N2904 
2N2904A 
2N2905 
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2N2905A 
2N2906 
2N2906A 
2N2907 


2N2907A 


2N3133 
2N3134 
2N3135 
2N3136 
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14 SEE PAGE 24 FOR CASE DRAWINGS 


EPOXY ENCAPSULATED TRANSISTORS 


2N4140 
2N4141 
2N4142 
2N4143 
2N4227 
2N4228 


250 
250 
200 
200 
250 
200 


EPOXY ENCAPSULATED TRANSISTORS CASE 42 
ema hFE @ VcE hre @ VcE VcE @ Ic 
VcBo | VcEO | VEBO Ic fr Cop @ VcB_- VcE(SAT) Ic IB Pp 
TYPE* PoONe VOLTS} VOLTS | VOLTS VOLTS VOLTS | mA MHz pF VOLTS} VOLTS mA mA mW 
2N2711 N 5.0 4.5 2 30-120 2 — 
2N2712 N 5.0 4.5 2 80-300 2 —_ 
2N2713 N 5.0 4.5 2 30-120 2 3 
2N2714 N 5.0 4.5 2 80-300 2 3 
2N2715 N 5.0 4.5 2 30-120 2 — 
2N2716 N 5.0 4.5 2 80-300 2 — 
2N2921 N 5.0 — — 35-70 2 — 
2N2922 N 5.0 as — — 55-110 2 — 
2N2923 N 5.0 — — a 90-180 2 — 
2N2924 N 5.0 — — _— 150-300 2 —_— 
2N2925 N 5.0 _ —_ _ 235-470 2 —_ 
2N2926 N 5.0 — _— — 35-470 2 — 
2N3390 N 5.0 400-800 4.5 2 400-1250 a — 
2N3391 N 5.0 250-500 4.5 2 250-800 —_ a 
2N3391A N 5.0 250-500 4.5 2 250-800 _ —_ 
* 2N3392 N 5.0 150-300 4.5 2 150-500 _ — 
2N3393 N 5.0 90-180 4.5 2 90-400 _ — 
2N3394 N 5.0 55-110 4.5 2 55-300 — — 
2N3395 N 5.0 150-500 4.5 2 150-800 — — 
2N3396 N 5.0 90-500 4.5 2 90-800 ca — 
° 2N3397 N 5.0 55-500 4.5 2 55-800 —_— —_ 
2N3398 N 5.0 55-800 4.5 2 55-1250 _ — 
2N3414 N 5.0 75-225 4.5 2 75 —_ 3 
2N3416 N 5.0 4.5 2 VAs: — — 3 
2N3563 N 4.0 10 8 20-250 8 600-1500 — 
2N3564 N 4.0 10 — 400-1200 2 
2N3565 N 6.0 10 1 _ 
2N3566 N 5.0 10 ae 10 
2N3605 N 5.0 1 — 1 
2N3606 N 5.0 il -— 1 
2N3607 N 5.0 —_ 1 
2N3638 P 4.0 10 30 
2N3638A P 4.0 10 30 
2N3641 N 5.0 - — 15 
2N3643 N 5.0 100-300 15 
2N3644 P 5.0 100-300 _— —_ 2:5 
2N3645 P 5.0 — — 2.5 
2N3662 N 3.0 — — 700-2100 —_ 
2N3663 N 3.0 — — a 700-2100 —_ 
2N3691 N 4.0 40-200 10 5 200-500 1 
2N3692 N 4.0 100-400 100-560 10 5 200-500 1 
2N3702 P 5.0 60-300 — —_ 5 
2N3703 P 5.0 30-150 — — 5 
2N3704 N 5.0 100-300 — — 5 
2N3705 N 5.0 50-150 — _ 5 
2N3706 N 5.0 30-600 — _— a 1.0 5 
2N3707 N 6.0 100-400 5 100-550 5 al! 1.0 5 
2N3708 N 6.0 45-660 45-800 5 ik 1.0 5 
2N3709 N 6.0 45-165 45-250 5 1 1.0 3 
2N3710 N 6.0 90-330 90-450 5 1 1.0 5 
2N3711 N 6.0 180-600 180-800 5 1 1.0 5 
2N3721 N 5.0 —_ 60-660 10 2 _ _ _— 
2N3793 N 5.0 20-120 _ — 100-600 al 
2N3794 N 5.0 100-600 — — 100-600 1 
2N3825 N 4.0 20 _ — 200-800 2 
2N3828 N 3.0 30-200 _ — 200-500* 5-5 _— 
2N3843A N 4.0 20-40 — — 60-230 2-4 — 
2N3844A N 4.0 35-70 _ — 90-250 2-4 — 
2N3845A N 4.0 60-120 _— — 126-290 2-4 — 
2N3858 N 4.0 60-120 _ —_ 90-250 2-4 — 
2N3859 N 4.0 100-200 a — 90-250 2-4 — 
2N3860 N 4.0 150-300 : — — _ 90-250 2-4 — 
2N3900 N 5.0 250-500 ‘ 170-800 4.5 2 — 4.5-12 a 
q 2N3900A N 5.0 250-500 A 170-800 4.5 2 — 4.5-12 — 
2N3903 N 6.0 50-150 50-200 10 1 250 4. 5 
2N3904 N 6.0 100-300 100-400 10 iL 300 4. 5 
2N3905 P 5.0 50-200 10 1 200 4. 5 
2N3906 P 5.0 100-400 10 1 250 4. 5 
2N3983 N 3.0 —_ — 500-1800 .7-1.6 — 
. 2N3984 N 3.0 —_— _ 400-1800 __.7-1.6 — 
2N3985 N 3.0 — — 300-1800 2 — 
N 5.0 
N 5.0 
P 5.0 
P 5.0 
N 5.0 
P 5.0 


1 
1 
0 
0 
5 
5 
1. 
7-1. 
7-2. 
0 
0 
0 
0 
0 
0 
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*All devices are in a TO-18 type epoxy package. 


SEE PAGE 25 FOR CASE DRAWINGS i5 


GERMANIUM DIODES 


GERMANIUM FAST RECOVERY DIODES CASE 35 


MINIMUM 
FORWARD CURRENT MAXIMUM REVERSE CURRENT REVERSE abl 
TYPE (mA) ae @ VR IR @ VR @ TEMP. IF IR 


(@ 25°C) @ +1.0 VOLT jee REVERSE RECOVERY CIRCUIT 


80 Tektronix “S" Unit 
10, 58°C 500 3500 IBM-Y Ckt 
10, 55°C 500 200 3500 IBM-Y Ckt 
50 300 JAN 256 
20, 60°C 500 400 3500 JAN 256 


20, 60°C 200 3500 JA 
10 Fwd. Recovery @ 50mA; 100KC 23 5 Volts 


350 50 700 IBM-Y Ckt 


10, 55°C 500 400 3500 IBM-Y Ckt 
0 6 2 Sampling Scope 


1N995 : Sampling Scope 
1N996 f JAN 256 

1N3203 ; IBM-Y Ckt 
1N3467 : 6 Sampling Scope 
1N3468 ; 6 Sampling Scope 


1N3592 : F t Tektronix “‘S’’ Unit 
1N3666 5-1. \ JAN 256 

1N3773 - : Tektronix “S’’ Unit 
1N4008 md = Tektronix “S” Unit 


1N4381 oe a a Tektronix “S’” Unit 


DR211 50 JAN 256 
DR362 20 JAN 256 
DR401 i 10, 50°C IBM-Y Ckt 


DR402 10, 50°C IBM-Y Ckt 
DR403 IBM-Y Ckt 


DR404 IBM-Y Ckt 
DR407 75 . JAN 256 
DR408 60 IBM-Y Ckt 
DR419 25, 55°C JAN 256 
DR422 75 t JAN 256 
DR437 75 , JAN 256 


DR459 15 JAN 256 
DR481 40 1 JAN 256 
DR482 60 JAN 256 


DR498 20 : JAN 256 


DR500 50 f JAN 256 
GD400 15 >. 6 A Sampling Scope 


GD401 15 : ‘| Sampling Scope 
GD402 45 i i Tektronix ‘“‘S’’ Unit 
GD403 35 : | Tektronix ‘‘S” Unit 


GD404 35 : Tektronix ‘‘S’’ Unit 
GD405 35 . Tektronix ‘‘S’’ Unit 
GD406 60 Or . Tektronix ‘‘S’’ Unit 
GD407 50 ( . Tektronix ‘‘S’’ Unit 


Gb408 75 ) JAN 256 
GD409 «60 : JAN 256 


GD410 : JAN 256 
GD411 : JAN 256 


ABSOLUTE MAXIMUM RATINGS FOR ALL TYPES 


OPERATING TEMPERATURE —65°C to +90°C SURGE CURRENT (ONE SEC) 400mA 
STORAGE TEMPERATURE 100°C CONT. POWER DISSIPATION @ 25°C 80mW 


LEAD TEMPERATURE 6” + 2” 230°C DERATING FACTOR 10mW/10°C ABOVE 25°C 
FROM CASE FOR 10 SECONDS AVERAGE RECTIFIED CURRENT 50mA (Typ.) 


16 SEE PAGE 25 FOR CASE DRAWINGS 


GERMANIUM DIODES 


MEDIUM VOLTAGE GERMANIUM DIODES CASE 35 HIGH VOLTAGE GERMANIUM DIODES CASE 35 
MINIMUM 
FORWARD MAXIMUM REVERSE CURRENT 
rik sr a IR @ VR IR @ Vr @ TEMP. 
(@ 25°C) @ +1.0 VOLT 


MINIMUM 
FORWARD MAXIMUM REVERSE CURRENT 


CURRENT In @ Vr @ TEMP. 
@ +1.0 VOLT 


co 
uo 


ul 
0000" 50000 
UNDO DO000 DOOM DO00% 


Rago. Apps 


PAT TAIwO BOBS 


FPWNWW Wh 


Ot: 


1N100A 


1N102 
1N127 
1N198 


1N270 50 
1N277 10, 75°C 


1N290 
1N291 
1N297 
1N310 
1N313 


1N501 
1N502 
1N633 
1N634 
1N771 


1N771A 


1N298A 


1N498 


1N499 
1N500 
1N632 
1N636 
1N772 


1N772A 
1N773 


1N773A 
1N774 
1N774A 


1N775 
1N909 


1N3465 
1N3753 
1N3769 


DR128 
DR207 
DR213 
DR283 
DR291 


DR295 


DR302 
DR303 
DR307 
DR308 


DR309 
DR313 
DR314 
DR317 
DR318 


DR319 
DR323 
DR324 
DR325 
DR326 


DR328 
DR329 
DR330 
DR338 
DR351 


DR352 
DR366 
DR385 10mA 

@ 0.37 Volts 
DR389 200 
DR463 300 


MINIMUM 
FORWARD MAXIMUM REVERSE CURRENT 
CURRENT IR @ VR @ TEMP. 


(mA) 
@ +1.0 VOLT 


10mA 
@ 0.35 Volts 
50 


1N3466 40 
1N4502 20, 55°C 


DR365 20 
DR427 20 


DR434 30 


DR435 20 
DR464 


0.37 Volts 
10mA 
0.37 Volts 
50 


SEE PAGE 25 FOR CASE DRAWINGS 17 


SOLID STATE ASSEMBLIES 
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General Instrument maintains complete facilities for 
design fabrication and testing of virtually any type 
of solid state assembly...and at prices that can 
save substantial sums for the user who may be faced 
with a heavy investment to produce these assemblies 
“in house.’’ You will find examples of Gl’s capability 
in the wide range of standard devices shown here. 


HIGH VOLTAGE RECTIFIER 
CARTRIDGES 


e HIGH TEMPERATURE TYPES 


Data Sheet No. RB1163 


Type 1N1731A-1N1734A, 
1N2382A to 1N2384A 


PRV 1.5 kV to 10 kV 
Ip to 350 mA 


e GENERAL PURPOSE TYPES 


Data Sheet No. RB1152 
1—Pigtail 

2—Ferrule 

3—Fuse Clip Mounting 

All styles — PRV 1kV to 30 kV 
I, to 350 mA 


e FAST SWITCHING TYPES 
To 50 KC 


All Styles 
ZF PRV IKV to 10 kV 
‘ I, to 300 mA 


Consult factory for data sheet. 


e MINIATURE TYPES 
PRV to 10 kV 


~~ lp to 100 mA 
Consult factory for data sheet. 


HIGH VOLTAGE RECTIFIER 
BLOCKS 
e GLASS-AMP HV BLOCKS 


Featuring 
Controlled Avalanche Design 
PRV 1kV to 18 kV 


I, to 1.0 Amperes 
Data Sheet No. RB1165 


SOLID STATE TUBE 
REPLACEMENTS 


1N1262 
4.8 Volt Tube Replacement 


1N570/6X4 Tube Replacement 


PRV 1500 V @ 75 mA FW PRV 25,000 V @ 500 mA HW 
All intermediate types — Data Sheet SPR 3 


KILOPOTENTIAL RECTIFIERS 
» R-C COMPENSATED ASSEMBLIES 


Standard Puck Modules Custom Board Assemblies 


PRV 20 to 200 kV PRV 20 to 200 kV oil immersed 


Io to 150 mA I, to 1.0 Amperes 
Data Sheet No. RB3002-1 Consult Factory for data sheet 
Io to 300 mA 


Data Sheet No. RB3002-2 


GENERAL PURPOSE RECTIFIER ASSEMBLIES | 


« 1.5 AMP FULL WAVE RECTIFIERS “@ 


Single Phase Bridge Center Tap & Doubler 


# 
a} 


e 3.0 AMP FULL WAVE RECTIFIERS — STUD TYPE 


Center Tap & Doubler i Single Phase Bridge 


e 1.55 AMP TO 9.0 AMP OPEN FIN ASSEMBLIES 


All Configurations shown on 
Data Sheet No. RB1176 


CUSTOM SOLID STATE ASSEMBLIES 


G. |. offers a complete custom packaging facility including: e Custom molding of shell and welded devices 
e Component interconnection by welding and soldering 


e Specialized test facilities 


Zener Diodes & 


Controlled 
Forward Modulator Bridge & 
Diodes Ring Assemblies Matched Pair Modules 
Se oon 
| 4 ; Logic 
—HH— Gates 
HHH i= 
rc 
| > i 
ppp i Limiters 
! 1 
Ht 
Lada 
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SELENIUM RECTIFIER ASSEMBLIES 
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TRI-AMP POWER ASSEMBLIES 


General Instrument Tri-Amp Selenium Power Rectifier 
Assemblies are completely unaffected by aging —a 
unique advantage which brings to the user reliability 
previously considered unattainable. In addition, they 
incorporate a true P-N diffused junction and safely 
withstand large transients. 


Standard Power Assemblies use cells manufactured with 


the Tri-Amp process. As shown in the life test curve, 
Tri-Amp does not age! 


LIFE CURVE PERCENT CHANGE IN 
FORWARD VOLTAGE DROP 


TIME IN HOURS 


e A COMPLETE RANGE OF 
ASSEMBLIES ARE AVAILABLE 
FOR EVERY APPLICATION 


Typical Units: 

Three Phase Bridge 
For Elevator 

Control Panel. 

260 V. AC 3.3 A. DC. 


Center Tap Fast Battery Charger us- 
ing Heat Sink Backing Plate. 26 V. 
AC 100 A. DC. Fan Cooled. 


Single Phase Bridge with Special «: 
Edge Protection for unusual 
moisture and vibration condi- 
tions. 26 V. AC 10A. DC. 


Single Phase Bridge 
Typical Cathodic Pro- 
tection Unit. 26 V. AC 
24 A. DC. 


Three Phase Bridge Weld- 
ing Stack 78 V. AC 400 
A. DC. Fan Cooled. 


NOTE: 
For detailed information, see Tri-Amp Bulletin No, RB2010A. 


LOW COST MINIATURE 
BRIDGE ASSEMBLIES 


Ideal for use in control equipment, AC-DC motors, 
and small battery chargers. These miniature assem- 
blies are available in bridge, doubler and center-tap 
configuratiors. 


NOTE: All Miniature Bridge Assembly photos are actual size. 


RMS = 26V Max. 


e LOW VOLTAGE PRV = 50V Max. 


NCB-100 
100 mA 


DCBS-100 


NCB-300 
300 mA 


See Bulletin No. RB-2019. 


e LINE VOLTAGE 


TLB-1 
125 mA 


100 mA 
150 mA RMS = 260V Max. 


See Bulletin No. RB2015A 


ASSEMBLIES FOR 
RADIO AND TV APPLICATIONS 


e RADIO/PHONO 


Voltage—380V PRV 
130 RMS 


GI65N 
65 mA DC 


See Bulletin No. RB-2017 
e COLOR TELEVISION 


800 PRV 
Boost Rectifier 


e TRANSISTORIZED TELEVISION 


HIGH VOLTAGE INDUSTRIAL CARTRIDGES 


PRV 1 through 25 KV 
DC Current .4 to 30 mA 


See Bulletin No. RB-2002A 


CUSTOM MINIATURE ASSEMBLIES 


4 Diodes with 1 Common 
Electrode 
PRV to 50 V DC 
Current to 150 mA 


General Instrument Selenium Assemblies have ac- 
cumulated millions of hours of reliable performance 
in home entertainment products throughout the 
world. This “extra’’ quality is something you get 
free everytime you specify Gl. 


00 mA 16GA500 
300 mA DC 500 mA DC 
4 Diode _ 
Convergence 6500 PRV 
Rectifier Focus Cartridge 
rail 


High Voltage Rectifier 


to 30,000 PRV 


LOW COST—LOW VOLTAGE DIODES 
An ideal answer to your high volume, mass produc- 


tion requirements where economy as well as depend- 
ability are major considerations. 


ZIP DIODE 


PRV to 50V 
DC Current to 150 mA 


See Bulletin No. RB-2020 


ERMS = 26 Max. 


ERMS = 130V Max. 
Idc = 500 mA 


Idec = 125 mA 
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PRODUCT FAMILY IDENTIFICATION CODES 


CAPSIL® Voltage Variable Capacitor Diode MD 
Germanium Diode 
Glass-Amp® Silicon Rectifier 


Germanium Transistor 


MOS 
RB 
SB 


Glass-Amp® Zener Voltage Regulator Diode SD 
Microcircuit 


Type 
No. 


1N34 
1N34A 
1N38 
1N38A 
1N48 


1N51 
1N54 
1N54A 
1N55 
1N55A 


1N55B 
1N56 
1N56A 
1N57 
1N58 


1N58A 
1N60 
1N61 
1N62 
1N63 


1N64 
1N66 
1N67 
1N67A 
1N68 


1IN68A 
1N69 
1N69A 
1N70 
1N88 


1N89 
1NS0 
1N95 
1N96 
1N96A 


1N97 
1N98 
1N98A 
1N99 


1N100 


1N100A 
1N102 
1N107 
1N108 
1N116 


1N117 
1N118 
1N118A 
1N126 
1N127 


1N128 
1N191 
1N192 
1N198 
1N225 


1N226 
1N227 
1N228 
1N229 
1N230 


1N231 
1N232 
1N233 
1N234 
1N235 


1N236 
1N237 
1N238 
1N239 
1N253 


1N254 
1N255 
1N256 
1N270 
1N276 


1N277 
1N279 
1N281 
1N287 
1N288 


1N289 
1N290 
1N291 
1N292 
1N294 


1N294A 
1N295 
1N297 
1N298A 
1N308 
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Prod. Page 


Type 
No. 
1N309 
1N310 
1N313 
1N332 
1N333 


1N334 
1N335 
1N336 
1N337 
1N338 


1N339 
1N340 
1N341 
1N342 
1N343 


1N344 
1N345 
1N346 
1N347 
1N348 


1N349 
1N440 
1N440B 
1N441 
1N441B 


1N442 
1N442B 
1N443 
1N443B 
1N444 


1N444B 
1N445 
1N445B 
1N456 
1N456A 


1N457 
1N457A 
1N458 
1N458A 
1N459 


1N459A 
1N461 
1N461A 
1N462 
1N462A 


1N463 
1N463A 
1N464 
1N464A 
1N465 


1N466 
1N467 
1N468 
1N469 
1N470 


1N471 
1N472 
1N473 
1N474 
1N475 


1N480 
1N482 
1N482A 
1N482B 
1N483 


1N483A 
1N483B 
1N484 

1N484A 
1N484B 


1N485 
1N485A 
1N485B 
1N486 
1N486A 


1N486B 
1N487 
1N487A 
1N488 
1N488A 


1N490 
1N497 
1N498 
1N499 
1N500 


1N501 
1N502 
1N530 
1N531 
1N532 


SR 


Prod. Page 


Micro Diode 


MOS Microcircuit 


Rectifier Bridge (Selenium) 


Stabistor 
Silicon Diode 
Silicon Rectifier 


Type 
No. 


1N533 
1N534 
1N535 
1N536 
1N537 


1N538 
1N539 
1N540 
1N547 
1N560 


1N561 
1N562 
1N563 
1N570 
1N599 


1N599A 
1N600 
1N6O00A 
1N601 
1N6O1A 


1N602 
1N602A 
1N603 
1N603A 
1N604 


1N604A 
1N605 
1NGO5A 
1N606 
1N606A 


1N625 
1N626 
1N627 
1N628 
1N629 


1N631 
1N632 
1N633 
1N634 
1N636 


1N643 
1N643A 
1N645 
1N646 
1N647 


1N648 
1N649 
1N658 
1N659 
1N660 


1N661 
1N662 
1N663 
1N702 
1N703 


1N704 
1N705 
1N706 
1N707 
1N708 


1N709 
1N710 
1N711 
1N712 
1N713 


1N714 
1N715 
1N716 
1N717 
1N718 


1N719 
1N720 
1N721 
1N722 
1N723 


1N724 
1N725 
1N726 
1N727 
1N728 


1N729 
1N730 
1N731 
1N732 
1N733 


1N734 
1N735 
1N736 
1N737 
1N738 


Prod. Page 
Code No. 


_ 


CODWOOH HDHAMWHA HWHMDMMA DWHAVDMH DHOHWHD AWMAMAMH AMADA 


ST 
STE 
TR 
ZD 
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Type 
No. 


1N739 
1N740 
1N741 
1N742 
1N743 


1N744 
1N745 
1N746 
1N747 
1N748 


1N749 
1N750 
1N751 
1N752 
1N753 


1N754 
1N755 
1N756 
1N757 
1N758 


1N759 
1N761 
1N762 
1N763 
1N764 


1N765 
1N766 
1N767 
1N768 
1N769 


1N770 
1N771 
1N771A 
1N771B 
1N772 


1N772A 
1N773 
1N773A 
1N774 
1N774A 


1N775 
1N776 
1N777 
1N789 
1N790 


1N791 
1N792 
1N793 
1N794 
1N795 


1N796 
1N797 
1N798 
1N799 
1N800 


1N801 
1N802 
1N803 
1N804 
1N881 


1N882 
1N883 
1N884 
1N885 
1N886 


1N887 
1N888 
1N889 
1N890 
1N891 


1N892 
1N893 
1N909 
1N910 
1N911 


1N954 
1N955 
1N957 
1N958 
1N959 


1N960 
1N961 
1N962 
1N963 
1N964 


1N965 
1N966 
1N967 
1N968 
1N969 


Silicon Transistor 


Epoxy Silicon Transistor 


Tube Replacement 


Zener Voltage Regulator Diode 


Before product identification code indicates 
encapsulated assembly or epoxy package. 
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Type 
No. 
1N970 
1N971 
1N972 
1N973 
1N974 


1N975 
1N976 
1N977 
1N978 
1N979 


1N980 
1N981 
1N982 
1N983 
1N984 


1N985 
1N986 
1N987 
1N988 
1N989 


1N990 
1N991 
1N992 
1N994 
1N995 


1N996 

1N1095 
1N1097 
1N1100 
1N1101 


1N1102 
1N1103 
1N1104 
1N1105 
1N1169 


1N1262 
1N1692 
1N1693 
1N1694 
1N1695 


1N1696 
1N1697 
1N1731A 
1N1732A 
1N1733A 


1N1734A 
1N1763 
1N1764 
1N2026 
1N2027 


1N2028 
1N2029 
1N2030 
1N2031 
1N2069 


1N2070 
1N2071 
1N2382A 
1N2383A 
1N2384A 


1N2610 
1N2611 
1N2612 
1N2613 
1N2614 


1N2615 
1N2616 
1N2617 
1N3021 
1N3022 


1N3023 
1N3024 
1N3025 
1N3026 
1N3027 


1N3028 
1N3029 
1N3030 
1N3031 
1N3032 


1N3033 
1N3034 
1N3035 
1N3036 
1N3037 


1N3038 
1N3039 
1N3040 
1N3041 
1N3042 
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Type 
No. 


1N3043 
1N3044 
1N3045 
1N3046 
1N3047 


1N3048 
1N3049 
1N3050 
1N3051 
1N3189 


1N3190 
1N3191 
1N3203 
1N3465 
1N3466 


1N3467 
1N3468 
1N3477 
1N3488 
1N3592 


1N3628 
1N3666 
1N3753 
1N3769 
1N3773 


1N3945 
1N3946 
1N3947 
1N4008 
1N4162 


1N4163 
1N4164 
1N4165 
1N4166 
1N4167 


1N4168 
1N4169 
1N4170 
1N4171 
1N4172 


1N4173 
1N4174 
1N4175 
1N4176 
1N4177 


1N4178 
1N4179 
1N4180 
1N4181 
1N4182 


1N4183 
1N4184 
1N4185 
1N4186 
1N4187 


1N4188 
1N4189 
1N4190 
1N4191 
1N4192 


1N4193 
1N4250 
1N4251 
1N4252 
1N4253 


1N4254 
1N4255 
1N4256 
1N4257 
1N4381 


1N4383(G100D) 
1N4384(G100G) 
1N4385(G100J) 
1N4502 

1N4585(G100K) 


1N4586(G100M) 
1N5055 
1N5056 


1N5057 
1N5058 


11GA300 
11GA500 
2N315A 
2N316 
2N316A 


2N331 
2N356 
2N356A 
2N357A 
2N358 


2N358A 
2N377A 
2N388A 
2N396A 
2N398A 


2N404 

2N404A 
2N438A 
2N439A 
2N440A 
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Type 
No. 


2N444A 
2N445A 
2N446A 
2N447A 
2N464 


2N465 
2N466 
2N467 
2N519A 
2N520A 


2N521A 
2N522A 
2N523A 
2N579 
2N580 


2N585 
2N594 
2N595 
2N596 
2N597 


2N598 
2N599 
2N600 
2N601 
2N696 


2N697 
2N698 
2N699 
2N706 
2N706A 


2N706B 
2N708 
2N718 
2N718A 
2N721 


2N722 
2N743 
2N744 
2N753 
2N759 


2N759A 
2N760 
2N760A 
2N834 
2N835 


2N914 
2N929 
2N929A 
2N930 
2N930A 


2N1131 
2N1132 
2N1306 
2N1307 
2N1310 


2N1311 
2N1312 
2N1408 
2N1613 
2N1711 


2N1893 
2N2192 
2N2192A 
2N2192B 
2N2193 


2N2193A 
2N2193B 
2N2217 
2N2218 
2N2218A 


2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 


2N2222 
2N2222A 
2N2303 
2N2368 
2N2369 


2N2369A 
2N2483 
2N2484 
2N2501 
2N2537 


2N2538 
2N2539 
2N2540 
2N2648 
2N2711 


2N2712 
2N2713 
2N2714 
2N2715 
2N2716 


2N2837 
2N2838 
2N2904 
2N2904A 
2N2905 
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Type Prod. Pag 
No. Cc : 
2N2905A 

2N2906 

2N2906A 

2N2907 

2N2907A 


2N2921 
2N2922 
2N2923 
2N2924 
2N2925 


2N2926 
2N3015 
2N3133 
2N3134 
2N3135 


2N3136 
2N3252 
2N3253 
2N3390 
2N3391 


2N3391A 
2N3392 
2N3393 
2N3394 
2N3395 


2N3396 
2N3397 
2N3398 
2N3414 
2N3416 


2N3563 
2N3564 
2N3565 
2N3566 
2N3605 


2N3606 
2N3607 
2N3638 
2N3638A 
2N3641 


2N3643 
2N3644 
2N3645 
2N3662 
2N3663 


2N3691 
2N3692 
2N3702 
2N3703 
2N3704 


2N3705 
2N3706 
2N3707 
2N3708 
2N3709 


2N3710 
2N3711 
2N3721 
2N3793 
2N3794 


2N3825 
2N3828 
2N3843A 
2N3844A 
2N3845A 


2N3858 
2N3859 
2N3860 
2N3900 
2N3900A 


2N3903 
2N3904 
2N3905 
2N3906 
2N3983 


2N3984 
2N3985 
2N4140 
2N4141 
2N4142 


Type Prod. Page 
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0. Code No. 


DCBS100) KSR 
DG100) 

DG100K 

DG100M 

DR128 


DR207 
DR209 
DR211 
DR213 
DR272 


DR283 
DR291 
DR292 
DR295 
DR301 


DR302 
DR303 
DR304 
DR305 
DR306 


DR307 
DR308 
DR309 
DR310 
DR311 


DR312 
DR313 
DR314 
DR315 
DR316 


DR317 
DR318 
DR319 
DR321 
DR323 


DR324 
DR325 
DR326 
DR327 
DR328 


DR329 
DR330 
DR336 
DR337 
DR338 


DR351 
DR352 
DR362 
DR365 
DR366 


DR379 
DR385 
DR389 
DR401 
DR402 


DR403 
DR404 
DR407 
DR408 
DR419 


DR422 
DR427 
DR434 
DR435 
DR437 


DR459 
DR463 
DR464 
DR481 
DR482 


DR498 
DRSOO 
EG100 


GD400 
GD401 
GD402 
GD403 
GD404 


GD405 
GD406 
GD407 
GD408 
GD409 


GD410 
GD411 
GIGSN 
GP101A 
GP101B 


GP102A 
GP102B 
GP103A 
GP103B 
GP104A 


GP104B 
GP105A 
GP105B 
KG100F 
KG100G 
KG100H 


Type 
No. 


MEMS11 
MEMS17 
MEMS517A 
MEM517B 
MEM520 


MEMS550 
MEM551 
MEM1000 
MEM1002 
MEM1005 


MEM2001 
MEM2002 
MEM2003 
MEM2004 
MEM2004A 


MEM2005 
MEM2006 
MEM2007 
MEM2008 
MEM3020 
MEM3021 


NC8 

NC9 

NC10 
NC11 
NC12 
NC16 
NC17 


NC101 
NC511 
NC513 
NCB75 
NCB100 


NCB300 
NCS675A 
PA300 
PA305 
PA310 


PA315 
PA320 
PA325 
PA330 
PA340 


PA350 
PA380 
PC8 
pcg 
PC10 


PC11 
PC12 
PC13 
PC14 
PC15 


PC16 
PC17 
PC18 
PC101 
PC200 


PC201 
PC210 
PC212 
PC401 
PC402 


PC501 
PC502 
PC503 
PC504 
PC511 


PC512 
PC513 
PC514 
PC521 
PC523 


PC250 
PC251 
PT505 
PT510 
PT515 


PT520 
PT525 
PT530 
PT540 
PT550 


PT560 
PT580 
$91 
S91H 
$92 


LOOK 7O YOUR AUTHORIZED GENERAL INSTRUMENT 


DISTRIBUTOR FOR...RAPID RESPONSE 


TO YOUR SEMICONDUCTOR REQUIREMENTS 


AUTHORIZED DISTRIBUTORS 


ALABAMA 
BIRMINGHAM—M.G. Electronics, 
(205) FA 8-4525 
ue Wholesalers, Inc. 
(205) 539 
M.G. ie 1305) 837-0350 


ARIZONA—PHOENIX 
R.V. Weatherford Co., (602) 272-7144 


CALIFORNIA—NORTHERN 
MOUNTAIN VIEW—Avnet Corp., (415) 961-7700 
Kierulff Electronics, Inc., (415) 968-6292 
OAKLAND—EImar Electronics, (415) 834-3311 
PALO ALTO—ElImar Electronics, 
(415) 961-3611 


CALIFORNIA—SOUTHERN 

CULVER CITY—Avnet, (213) 837-7111 

INGLEWOOD—Liberty Electronics, Inc., 
(213) OR 8-8111 

LOS ANGELES—Kierulff Electronics, Inc., 
(213) 685-5511 

SAN DIEGO—Milo of California, Inc., 
(714) BE 2-8951 


COLORADO—DENVER 
Industrial Electronic Sales Co., 
(303) 757-1261 


FLORIDA 

MELBOURNE—Electronic Wholesalers, Inc., 
(305) PA 3-1441 

MIAMI—Electronic Wholesalers, Inc., 
(305) OX 6-1620 


GEORGIA—ATLANTA 
Southeastern Radio Parts Co., (401) JA 4-7536 


ILLINOIS—CHICAGO AREA 
Sider eek Pngic lia Corp., 
(312) ST 2-294 
FRANKLIN PARK Avnet Corp., (312) 678-8160 
SCHILLER PARK—Pace Electronic 
Supplies Inc., (312) 678-6310 


INDIANA—INDIANAPOLIS 
Graham Electronic Supply, Inc., 
(317) ME 4-8486 


EASTERN AREA 


AREA HEADQUARTERS 

General Instrument Corporation 

235 Passaic St., Newark, N.J. 07104 

Tel.: (201) 485- 0072; TWX: 201-621-8041 
General Instrument Corporation 

2021 Clinton Ave., W., Huntsville, Ala. 35805 
Tel.: (205) 536-9671 

General Instrument Corporation 

608 Ferry Blvd., Stratford, Conn. 06497 
Tel.: (203) 378-2992 

General Instrument Corporation 

2435 Virginia Ave., N.W., 

Washington, D.C. 20037 

Tel.: (202) 965-3712; TWX: 202-965-0474 
General Corporation 

1520 Edgewater Drive, Orlando, Fla. 

Tel.: (305) 241-3384; TWX: 305-275-0424 
General Instrument Corporation 

Southwest Park, Westwood, Mass. 02181 
Tel.: (617) 329- 1480; TWX: 617-326-9332 
Harries-Kershaw 

15 Canterbury Lane, East Aurora, N.Y. 14052 
Tel.: (716) 652-1221 

Henry Reid Associates, Inc. 

530 Main Street, Fort Lee, New Jersey 

Tel.: (201) 944-9323 

C. H. Newson Assoc., Inc. 

627 Bethlehem Pike, Philadelphia, Pa. 19118 
Tel.: (215) 248- 3377 


IJOWA—CEDAR RAPIDS 

Deeco, Inc., (319) EM 5-7551 
LOUISIANA—BATON ROUGE 

Southern Radio Supply Co., (504) 355-0396 


MARYLAND-WASHINGTON, D.C. 

BALTIMORE—Electronic Wholesalers, Inc. 
(301) 945-3400 

Radio Electric Service Co. of Baltimore, Inc. 
(301) LA 9-3835 

BETHESDA—Empire Electronics Supply Co., 
(301) OL 6-3300 

HYATTSVILLE—Milgray Washington, Inc., 
(301) UN 4-6330 

WASHINGTON, D.C.—Electronic 
Wholesalers, Inc., (202) 483-5200 

MASSACHUSETTS 

BURLINGTON—Avnet Corp., (617) 272-3060 

CAMBRIDGE—R & D Electronics 
Supply Co., Inc., (617) UN 8-6644 

NEWTON—The Greene-Shaw Co., 
(617) WO 9-8900 

MICHIGAN—KALAMAZOO 

Electronic Supply Corp., (616) WO 5-1241 

MISSOURI 

KANSAS CITY—Walters Radio Supply Co., Inc 
(816) 531-7015 

UNIVERSITY CITY—Olive Industrial 
Electronics, Inc., (314) VO 3-7800 

NEW JERSEY—CAMDEN 

General Radio Supply, (609) 964-8560 

NEW MEXICO—ALBUQUERQUE 

Electronic Parts Co., Inc., Albuquerque 
(505) 265-8401 

NEW YORK (METROPOLITAN AREA) 

YONKERS—Delburn Electronics, 
(914) 423-2800 

NEW YORK—Milgray Electronics, Inc., 
(212) YU 9-1600 

Terminal Hudson Electronics, Inc., 
(212) CH 3-5200 

NEW YORK STATE 

BINGHAMTON—Stack Industrial Electronics, 
(607) RA 3-6326 


SALES OFFICES 


CENTRAL AREA 


AREA HEADQUARTERS 

General Instrument Corporation 

6054 W. Touhy Ave., Chicago, Illinois 60648 
Tel.: (312) 774-7800; TWX: 312-265-1424 
Jerry Vrbik Co. 

2818 ‘‘A”’ Ave., N.E., Cedar Rapids, lowa 52402 
Tel.: (319) 365-0461; TWX: 319-552-7118 


G & H Sales 

16815 James Couzens Highway, 
Detroit, Michigan 48235 

Tel.: (313) 342-4747 


Hamilton, Graydon, ig Inc. 
Hamilton Rd., Hopkins, Min 
Tel.: (612) 941- 1120; TWX: 612: 292-4013 


Hyde Electronics Co. 

5206 Constitution Ave., N.E., 
Albuquerque, New Mexico 
Tel.: (505) 265-8895 


G & H Sales 

P.O. Box 37416, Cincinnati, Ohio 45237 
Tel.: (513) 761-6185; TWX: 513-577-1239 
G & H Sales 

P.0. Box 7013, Cranwood Station, 
Cleveland 28, Oh io 

Tel.: (212) 621-3242 

G & H Sales 

137 Lakeview Ave., Dayton 59, Ohio 

Tel.: (513) 885-3181 


NEW YORK STATE—(Continued) 
BUFFALO—Summit Distributors, 
(716) TT 4-3450 


NORTH CAROLINA—WINSTON SALEM 
Electronic Wholesalers, Inc., (919) 725-8711 


OHIO—CINCINNATI 
Newark-Herrlinger Electronics Corp., 
(513) 421-5282 


OKLAHOMA—TULSA 
Radio, Inc., (918) LU 7-9124 


PENNSYLVANIA 

PHILADELPHIA—Herbach & Rademan, Inc., 
(215) LO 7-4309 

Milgray Delaware Valley, Inc., (215) WA 3-2210 


TENNESSEE 

KNOXVILLE—McClung Appliances, 
(615) 524-1811 

NASHVILLE—Electra Distributing Co., 
(615) AL 5-8444 


TEXAS 

ARLINGTON—Beta Electronics, Inc., 
(214) TA 1-1120 

DALLAS—Contact Electronics, Inc., 
(214) ME 1-9530 

Solid State Electronics, (214) 352-2601 

EL PASO—McNicol, Inc., (915) 566-2936 

FT. WORTH—Scooters Radio Supply Co., 
(817) ED 6-7448 

HOUSTON—Busacker Electronic 
Equipment Co., (713) JA 6-4661 


UTAH—SALT LAKE CITY ; 
Kimball Electronics, Inc., (810) 328-2075 


VIRGINIA 
CHARLOTTESVILLE—Virginia Radio 
Supply Co., Inc., (703) 296-4184 
NORFOLK—Priest Electronics, Inc., 
(703) 855-0141 


WASHINGTON-OREGON—SEATTLE 
Seattle Radio Supply, Inc., (206) MA 4-2341 


WISCONSIN—MILWAUKEE 
Electronic Expeditors, Inc., (414) UP 1-3000 


Ammon & Champion 

5545 East Skelly Drive/Suite #5, 

Tulsa, Oklahoma 74114 

Tel.: (918) 627-7670; TWX: 918-627-6033 


Ammon & Champion 

P.0. Box 35263, Blanton Tower 628, 
Dallas, Texas 75235 

Tel.: (214) 357-8441; TWX: 214-899-8306 
Ammon & Champion 

115-14 Burdine, Houston, Texas 77035 
Tel.: (713) 729-1233; TWX: 713-571-3133 


WESTERN AREA 


AREA HEADQUARTERS 

General Instrument Corporation 

6108 W. Venice Blvd., Los Angeles, Calif. 90034 
Tel.: (213) 933- 7261; TWX: 213-937-2187 


General Instrument Corporation 

647 Veterans Blvd., Redwood City, Calif. 94063 
Tel.: (415) 365-1920 Suite No. 1 
Vistronics 

5957 Fairmont Ext., San Diego 20, Calif. 
Tel.: (714) 283-3946 

Electronic Component Sales Inc. 

2340 W. Main St., Littleton, Colo. 80120 
Tel.: (303) 798-8481; TWX: 303-798-8114 
Bill Waddell Co. 

10211 N.E. 31st Place, Bellevue, Wash. 
Tel.: (206) 822-9629; TWX: 206-999-1875 


GENERAL INSTRUMENT CORPORATION 


SEMICONDUCTOR PRODUCTS GROUP 


Cat. No. GIC-1000 


CASE DRAWINGS 


CASE 23 


CASE 24 CASE 25 


»-—375 


4 LeAos 
OO}e UID (| 


1213 1516 Id 2122 


IT UT 
100 U0 


10 LEADS 
GOLD/ KOVAR- | I l 
003 X 015 


i 
4OO MAX |e ooobe | 
062 l L. 062 


10-Lead Flat Pack 
CASE 29 


ae 
a eae: gL 
15-Lead Flat Pack 
CASE 30 


hos 375 
10 Leads 


mal: 


CASE 28 
375 

6 Leads = 
003 x 015 7 
| 


KEY 


050 
AN. cletstajeral 


ioe 


6-Lead Flat Pack 


1 | 
| j 
es | aise 
10-Lead Flat Pack 


CASE 33 CASE 34 CASE 35 
1.00 MIN. 


Las 


1.00 MIN. 
022 
al 018 DIA. 


DO-7 (Glass) 
CASE 40 


CASE 38 
sen | 


1.00 MIN. 


RED DOT 
INDICATES 
CATHODE 


1.00 MIN. 
| .033 
j = 029 DIA. 
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FIGURE 12 


NOTES: 


1. All dimensions in inches, un- 
less otherwise specified. 


2. Constructional details for this 
transistor insert (shall be 
JEDEC 10-5). 
3. Stud heat-sink material: alum- 
imum screw machine stock. 
4. The specified dimension ap- 
~ 395 DIA. plies to the maximum per- 
missible protrusion of the 
transistor (face plane) from 


: the heat-sink inclosure. 
a 040 MAX. (NOTE 4) 5. Orientation of exhaust hole is 


Vz .O1IOR MAX. 


#8-32UNC-2A not restricted relative to posi- 
(THREAD LENGTH +.001 tioning of transistor insert 
TO BEA .324-(000 DIA. within the stud heat-sink. 

MAXIMUM) C'BORE 45° 


CHAMFER TO .342 DIA 
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DO-13 (Flangeless) DO-27 


CASE 42 


TOP viEW 


EMITTER 
Lead No.1 


COLLECTOR 
Lead No. 3 


TO-18 
(Epoxy Encapsulated) 


OUTLINE DIMENSIONS 


All dimensions are in inches. See respec- 
tive data sheet for complete outline dimen- 
sions and specifications of industrial types. 
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CASE DRAWINGS 
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High-Frequency (continued) 


2N3728 npn, DPE, si 
2N3729 npn,DPE,si 
2N3733 npn,si 


MAX. RATINGS CHARACTERISTICS 
40281 npn, si 


v 
T} RIGEO h 
J ‘ Vero le las 
(°c) |mw/°c} (¥) | (mA) FE 
200 30 500 
40307 npn,si *10 (min) 


*30-280 

*30-280 
A466 npn,. L,si : 9 *60 
MM1945 npn,E,si ; #25 
MPS2894 pnp, EP, si *40-150 
2N834 npn,EP,DD,si 5 
2N982 pnp,MD, ge F *100 


2N983 pnp,MD, ge 

2N1562 pnp, DM, ge 

2N2168 pnp,MD, ge 

2N2169 pnp, MD, ge i : e 

T1407 npn,PL,si t . Plast, IEC, GME 


2N960 pnp, EM, ge ; SY, Tl, RCA 
2N961 pnp, EM, ge ; TI, RCA 

2N962 pnp, EM, ge f SY, Tl, RCA 
2N964 pnp, EM, ge . SY, Tl, RCA 
2N964A pnp, EM,ge z SY,a 


Vces=40; overlay type 
Iceo 


Overlay type 
Cre=.015 pf 


SY, TR, GI, FA, NA, SPR, ITT 


2N965 pnp, EM,ge 0.3 SY, Tl, RCA 
2N966 pnp, EM, ge 0.3 SY, TI, RCA 
2N502 pnp,MD, ge 3 *PH orig Reg 
2N700 pnp, DM, ge 2 

2N835 npn, PE, si 0.01 


2N1561 pnp, DM, ge 10 
pnp, ED, ge 2 PG=6 dB @ 160 MHz 
pnp, ED, ge 2 PG=6 d B @ 160 MHz 
npn, PE, si 0. diff amp, MO, TRWS 

2N2883 npn,PE,si 0. 

2N2884 npn, PE, si 0. 

2N3227 npn,PE,si 0. 

2N3375 npn,si 1 


Heal emitter type, 

MO, 

2N3553 , RCA “‘Overlay’’ emitter type 
MO, VEC 


’ 


2N3924 
2N3925 
2N3926 
2N3927 


*Annular 
*Annular 
*Annular 
*Annular 


Vces=40; overlay: type 
Vces=90; overlay type 
Vces=90; overlay type 
Overlay type 


Pr paul annonm 


* 


10 (min) 
*30-120 


MPS3639 pnp,EP,si Ices=.01 


MPS3640 pnp,EP, si *30-120 Ices=.01 
40306 npn, si *10 (min) Overlay type 
A1243 pnp,MS, ge fe 

AF139 pnp,MS,ge uhf-stages 


AFY39 
MM1943 
2N869A 
2N1195 
2N2368 


pnp,MS, ge vhf antennas 
npn,E,si 

pnp,PE,si 
pnp, DM, ge 
npn,PE,si 


MO, TI 
SPR, MO 


2N3013 npn,PE,si 
2N3014 npn,PE,si 
2N4072 npn, AE, si 
2N4073 npn,AE,si 


. 
a Say ann Maw 


40280 
A472 


npn, si 


npn,si Cre=.023 pf. 


A473 npn, si Cre=.023 pt. 

2N709,'46 npn, si TR 

2N709/5] npn, si TR 
pnp,MD,ge *PH orig Reg 


pnp, MD,ge 
pnp, ge 
npn, PE,si 
pnp,ge 
pnp,ge 


*PH, orig Reg 


Flat Pack, SPR 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 


CHARACTERISTICS 


MAX. RATINGS 


T nyCEO 
j o.| CBO 
(°c) |mW/°C 


Package 
Outline 
(T0-) 


2N3322 
2N3399 
2N3423 npn,PE, si 
2N3424 npn,PE,si 


4 lead low Noise 
AL 


AL 


2N3544 npn, E,si 
HF 85 

2N3683 ~ 

2N3995 pnp,ge 

AF 139 pnp,MS, ge 

MM194] npn,E,si 


MPS918 npn, EP, si 


MPS3563 npn,EP, si . 4 

2N502A pnp,MD,ge ‘ d PH orig Reg 
2N502B pnp,MD, ge i 4 PH orig Reg 
2N2369 i 


npn,PE,si ‘ h j TR, MO, SPR, NUC 
: MO 


2N3303 npn,PE,si 


D16K1 


npn,PL,si A ; E For AGC @ 45 MHz 


D16K2 npn,PL,si 4 i ‘ For AGC @ 45 MHz 
D16K3 npn,PE,si A ; ‘ For AGC @ 200 MHz 
2N2369A npn, PE,si ; : ; SPR 

2N2708 npn, EP, si 4 4 AL 


2N2962 pnp, ED,ge : PG=6db @ 160MHz 


2N2963 pnp, ED,ge - PG=5db @ 160MHz 
2N3784 pnp, EM,ge *20-200 
2N3785 pnp,EM,ge *15-200 


2N2964 pnp, ED,ge : PG=6db @ 160MHz 
2N2965 pnp, ED,ge PG=5db @ 160MHz 


2N3304 pnp,PE, si ; d 0.01 a 18 

40404 npn, EP, si 4 (max) 

2N3137 npn,PE, si L 1 *2.8 MO 

2N3564 npn,PE, si i F "25 - CDC, IEC, GME 

$15657 npn,DPE,si RO110 package 

$15658 npn, DPE, si RO110 package 

$15659 npn, DPE, si 

2N709 npn,PE, si SY, AL, TI, RCA, VEC 
2N709A npn,PE, si SY, TR, VEC 


2N709A/46 npn, si 


2N709A/51 non, si 
2N917 npn, DP, si AL, TI, TRWS 
2N3866 npn,si RCA 


2N3783 pnp, EM,ge 


A1220 pnpPADT, ge : : Low Noise type 
2N2966 - : 1 UHF amplifier 
2N3600 npn,PE, si 
40405 npn, EP, si f 
2N743/46 npn, si GI, TR 

HF 89 
2N743/51 npn, si TR 
2N744/46 npn, Si GI, TR 
2N744/51 npn, si TR 
2N918 npn,PE,si . ; . MO, AL, TI, NUC, TRWS 
2N2729 npn,PE, si d +2, AL 
2N3478 npn,PE,si 
2N3563 npn,PE,si CDC, IEC, GME 


2N3662 
2N3663 
40238 


40239 


npn,PEP,si 
npn,PEP,si 
npn,PL,si 


npn,PL,si 


40240 npn,PL,si 
2N700A pnp, DM, ge 
2N955 pnp,MS,ge 


2N2482 
2N2784 npn; si 


npn, DM, si 


t T0-18, 46, 51, VEC 


2N2808 npn, si 4 Leads 
2N2809 npn, si 4 Leads 
2N2810 npn, Si 4 Leads 


2N2857 npn, PE, si 


2N3572 npn, PL, si 
A490 npn,si 
MM2503 pnp, EP, ge 
MM2550 pnp, EP,DJ,ge 
MM2552 pnp, EP,DJ,ge 


HF 9] 
4 lead sim to TO 18 


(see pages 4-9 for explanation of company abbreviations.) 


50 . ELECTRONIC DESIGN 


NOW! 


Solid State 


Time Delay Relays 
for as little as 


17 a) 


(P«B QUALITY, 
OF COURSE) 


i r 


why pay for operating characteristics you don’t need? 


Here is a practical cost-saving answer to many timing 
applications which do not require the extreme precision 
of much more expensive relays. CH Series solid state 
time delay relays are quality-built to perform depend- 
ably in most industrial applications. Where more critical 
perameters are required, we recommend our CD Series. 


SAVE UP TO 60%— You can save up to 60% of your 
time delay relay costs with our new CH Series. Adjust- 
able or fixed models are available with delays on operate 
or release as well as “‘interval on’. 


ACCURACY +10%— Accuracy is +10% over the 
-10° to 55°C temperature range for adjustable time 
delays. Fixed delays have an accuracy of +5% at 25°C 
ambient temperature. Reset time is 100 milliseconds. 


INTERNAL RELAY RATED 10 AMPERES—An 
internally-mounted DPDT relay is rated at 10 
amperes, 115 VAC, resistive. Both AC and DC models 
are available and all come in a white nylon case with 
octal plug. CH relays for DC operation have an internal 
protection against damage by reversal of input polarity. 
Relays will not operate falsely nor be damaged by a 
transient input voltage having a magnitude up to twice 
rated input voltage and a duration of eight milliseconds. 

Write for the complete catalog of P&B Time Delay 
Relays. You can get CH Series relays from your local 
electronic parts distributor. 


POTTER 


May 17, 1966 


SPECIFICATIONS 


CH and CD Series Comparison 


Dial Setting 


Time-calibrated 
+5% of full scale 


Temperature =10°6:40:-F- 55°C —40°C to +55°C 
Range 
+5% of nominal 


Tested to 1000V— 
% cycle surges (on 
all 115V AC models) 


100 milliseconds 60 milliseconds 
er Ree ean 


Yes Yes 


Reference scale 


Accuracy Over 
Temperature and 
Voltage Range 


Transient Twice rated 
Protection input voltage 
for 8 milliseconds 


Inherent False 
Operation 


+10% of nominal 


Contacts may transfer 
momentarily if 

timing interval 

is interrupted 


Reset Time 


Repeatability 


Polarity 
Reversal 


Protection 
(on DC) 


BRUMFIELD 


Division of American Machine & Foundry Co., Princeton, Ind. 
Export: AMF International, 261 Madison Ave., New York, N.Y. 
ON READER-SERVICE CARD CIRCLE 17 
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High-Frequency (continued) 


MAX. RATINGS CHARACTERISTICS 


MM2554 pnp, EP,DJ,ge 
2N2929 pnp, EM, ge 
2N2808A npn, si 
2N2809A npn, si 
2N2810A npn, si 


2N3571 npn, PL, si k ! ! 4 lead sim to TO 18 
i .01 l. 


npn,PL,si 
npn,PL,si 
npn,PL,si 


2N3633 npn, si 
2N3953 - 

2N3959 npn,si 
2N2999 pnp,ge 
TIXM104 pnp, PL, ge 


2N3570 npn, PL, si 5 } f h 4-lead sim to To 18 
TIX 3024 pnp,PL,ge ; 

TIXM101 pnp,PL,ge 

2N3932 npn,PE,si 

2N3933 npn,PE,si 


2N3960 npn,si 

2N4260 pnp, AE, si 

TIXM103 pnp, PL, ge 

2N4261 pnp, AE, si ; 4 : 

2N2480 npn, PE, si : ks diff amp, MO, SPR, TRWS 


pnp,EP,MS, ge , t + coax 

npn, AL, ge L 

pnp, SBT, ge ; : *PH orig Reg 
pnp, ge 

pnp, DR, ge 


TRWS, FA, TR, AMP, CDC, 
STC, SSP 

TRWS, FA, TR, AMP,CDC, 
STC, SSP 

RCA 


FA, SY, MP, TR, Gl, ITT, MO 
SY 


GI, TR, ITT 
FA, SY, MP, TR, Gl, ITT, MO 
FA, SY, MP, TR, Gl, ITT, MO 


AL 


IMM WwW | WWW ens 
: eo oe mr 


npn,si 


pnp, EP,ge 

pnp, EP, ge 

npn, ge 
2N849/T1430 npn,si 
2N850/T1431 npn, si 


2N851/TI-422 npn,si 
2N852/T1-423 npn,si 
npn, si 
npn, si 


FA, Gl, SPR, AL, TR, MO, UC 
ie Gl, SPR, AL, TR, NUC, MO, 
U 


mmrnr [Rwrry, | 


npn,PL,si 
pnp, ge 
pnp,ge 


2N1142 
2N1142A 
2N1143 
2N1143A 
2N1247 


2N1507 npn, si 
2N1564 si,npn 
2N1565 npn, si 
2N 1566 npn, si 
2N1572 npn, si 


(see pages 4-9 for explanation of company abbreviations.) 
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High-Frequency (continued) 
“ty 
Type (MHz) 


P LF 
© ° 
(mW) | (C) 


Package 
Type Outline 
No. (T0-) 


TR 
TR 


*PH orig. Reg. 
*PH orig. Reg. 


1r~nes 


*PH orig. Reg. 
*PH orig. Reg. 
*PH orig Reg, GI 
*PH orig Reg 
*PH orig Reg 


2N1573 i 

2N1574 i 

2N1646 

2N1742 

2N1743 

HF 99 

2N1744 

2N1745 - 

2N1754 pnp, MD, ge 

2N1865 pnp,Md, ge 

2N 1866 pnp,Md, ge 

2N1867 pnp,MD, ge 

2N 1868 pnp,MD, ge 

_ | 2N1960 pnp,ge 

2N1961 : pnp, EP, ge 

~ 2N1990  npn,DD,si 
HF 100 

2N2188 pnp, ge 

2N2189 || pnp,ge 

2N2190 pnp, ge 

2N2191 pnp,ge 


2N2192A npn,PE, si 
2N2360 = 

2N2361 

2N2362 

2N2389 


2N2395 
2N2399 
2N2398 
2N2410 
2N2411 


*PH orig Reg 
*PH orig Reg 


nF fSwow wwowww wwo)]) om 
am 


oi bee ek — ik — al I — Xt — 5 — a) 
Boome] ooo 


TRWS, CDC, SY, GI, AMP, AL, 
NUC 


— 
Oo 


CDC, GI, FA, NA, MO, AL 
RF Amp, *PH orig. Reg. 
RF mixer, *PH orig. Reg. 
RF osc, *PH orig. Reg. 


Coat 
4 oo 


RF mixer, *PH orig. Reg. 
RF amp, *PH orig. Reg. 
FA, NA 


2N2412 pnp,si 
2N2413 npn, si 
2N2415 pnp, ge 
2N2416 pnp,ge 
2N2485 npn, D,si 


2N2486 npn, D,si 
2N2635 npn,ge 
2N2649 npn,D,si 
2N2650 npn, 0, si 
2N2723 n,PL 


-_-O Owc oOo Oo 


MO 

MO 

VHF Power 5W @ 100MHz 
VHF Power 3W @ 200MHz 
SY, MO 

2W @ 130MHz 


VHF Power 4.5W @ 130MHz 
Darlington amp, SPR 


ranoo SSS ae SeSrefoco Wwww 


iene eee 


2N2724 n,PL A : Darlington amp, SPR 
2N2725 n,PL ; < Darlington amp, SPR 
2N2861 pnp, si 4 

2N2862 pnp, si 

2N2863 npn, Si 


2N2864 npn, si : 

2N2865 npn, Si : AL 

2N2936 npn, si 4 AMP, SPR 
2N2937 npn, si q AMP, GI, SPR 
2N3016 npn,PE,si : SSP 


2N3017 npn,PE,si A *60-150 f tMqT2/ 

2N3018 npn, PE, si *60-150 : Isolated Collector 

2N3138 npn, D,si - VHF Power 7.5W= 70 MHz 
2N3139 npn, D, si - VHF Power 14We 70 MHz 
2N3140 npn, D,si VHF Power 4Wa 130 MHz 


2N3141 npn, D,si VHF Power 8W= 130 MHz 
2N3142 npn, D, Si J VHF Power 5.4 We 70 MHz 
2N3143 npn,D,si VHF Power 8.3 @ 70MHz 
2N3144 npn, D,si VHF Power 4.0 @ 130 MHz 
2N3145 npn, D,si VHF Power 6.0We 130 MHz 


0.02 (max) 

0.02 (tax) 0.6 
0.02 (max) 0.5 
0.02 (max) 0.6 


TIXS09 Tl | npn,EP,si : ‘ a Ti-line Package 
TIXS10 Tl npn,EP,si ; H : Ti-Line Package 
TIX3016A Tl npn, EP, si 3 - F ; - Ti-Line Package 
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HOMOGENEOUS-BASE DESIGN 
IN AXIAL DIRECTION REDUCES RISKS 
OF SECOND BREAKDOWN... 


Used in RCA Silicon Power Transistor Line for applications up to 50 Ke/s 


EVERY RCA HOMETAXIAL-BASE TRANSISTOR MEANS RUGGEDNESS! 


Power-Rating Tested (PRT) at maximum power level for 1 second. 

Low saturation voltage for greater switching efficiency. 

Sharp saturation voltage knee for greater circuit efficiency. 

Mechanically rugged—proved after long experience in Mil-approved and demanding aerospace applications. 
Demonstrated superior performance in environmental tests of vibration, shock, and acceleration. 
Improved beta characteristics for less distortion during operation. 


From a family of single diffused types manufactured by RCA since 1957 and backed by more than 50 
million hours of operational life tests. 


RCA HOMETAXIAL-BASE TRANSISTORS ARE NOW USED IN: 


™ Series Regulators = Magnetic Deflection ® Ignition Circuits 

@ High Fidelity Power Circuits = Servo Power Amplifiers 
Amplifiers a Switching Result : ee 

m Inverters /Converters § hegulators # Public Address Amplifiers 

= Solenoid or # Vehicular Voltage @ Ultrasonic 


Relay-Control Circuits Regulators Power-Amplifiers 


NO ELECTRICAL COLLAPSE 


RCA’S HOMETAXIAL-BASE ECONOMY SILICON TRANSISTORS 


Offer the ultimate in design simplicity for applications from | mA to 30A 


hee = 20-80 
@ Ig = 450 mA 


40348 

hee = 30-100 

@ I, = 300 mA 
Vogy (Max) = 90V 
40349 

hee = 25-100 

@ lo = 150 mA 


@ I, = 1.54 
Veey (Max) = 50V 


2N3054 

Nee = 25-100 

@ lo = 0.5A 
Voey (Max) = 90V 


2N3441 
hee = 20-80 
@ I, = 0.5A 


7 \_ (Max) TO 15 


Voev (Max) = 50V 
2N3055 

hee = 20-70 

@!I, = 4A 

Vegy (Max) = 100V 


2N3442 
hep = 20-70 


2N3771 
@ I, = 15A 
Vee (sus) (Min) = 40V 


2N3772 

hee = 15-60 

@ I, = 10A 

Vee (sus) (Min) = 60V 


2N3773 


hee = 15-60 
@ I, = 8A 


Vceo (sus) in) = 140V 


AVAILABLE FROM YOUR RCA SEMICONDUCTOR DISTRIBUTOR 


RCA’s Hometaxial-Base Silicon Transistor line is the workhorse of the 
industry at medium and low frequencies. Check into it. You’ll find the in- 
dustry’s widest choice in current and voltage ratings—the right combination 
of characteristics that’s right for your applications. This economy silicon 
line is backed by a comprehensive program of testing, so you can be sure 
every unit measures up to its reliability specifications. 

For prices and delivery information see your RCA Representative. For 
technical data, and your copy of SMA-35, 12-volt Audio Amplifier and Con- 
verter Designs using RCA Silicon Power Transistors, and a copy of the new 
4-page folder describing RCA’s Hometaxial-Base transistor line, write: 
RCA Commercial Engineering, Section IG5, Harrison, N.J. 


RCA ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N. J. 


The Most Trusted Name in Electronics 


ON READER-SERVICE CARD CIRCLE 18 


Power 


Types rated at one watt and higher. In order 
of increasing power dissipation. 


MAX. RATINGS CHARACTERISTICS 


ETC 
SY, TI, TR, VEC 
ETC 


2N2040 npn,PL,si 


2N2041 npn,PL,si 
2N957 npn,DD,si 
2N339 npn,si 
2N340 npn,si 
2N341 npn,si 


ETC 
TRWS, AMP 
TR, ETC 
TR 

TR 


TR 
TR 


TR 
TR 


TR 


2N342 npn,si 
2N342A npn,si 
2N342B npn,si 
2N343 npn,si 
2N343A npn, si 


2N343B npn,si 0.001 - 

2N706 npn,DD,si 0.000005 | 400000 ITT, SPR, SY, MO, TR, AMP 
GI, RCA, NUC 

2N707 npn, DD, si ; - 0.000005 | 400000 TRWS, MO, GI 

2N2106 npn, si | 2 15000 5 TR 


2N2107 npn,si A eZ 15000 TR, 

2N2108 npn, si : ry 15000 TR, Tl 

2N708 npn, DP, si : : 0.000004 | 400000 ITT, SY, MO, TR, G, AMP, 
Ha RCA, NUC 


SS SS Se en 
S|RSRRR RRS 


2N869 pnp, DP, si : : 0.000005 


2N914 npn,PE,si : i - 0.000004 ITT, MO, TR, GI, NUC, SPR 
2N915 npn, DP, si : h 0.000005 NA, MO 

2N916 npn, DP, si ; : 0.000005 TRWS, NA, MO 

2N947 npn, DP, si . R 10 

2N995 pnp,PE,si A ? ~ 0.000001 | *150000 TR, MO 


2N996 pnp,PE,si A 0.0002 *230000 TR 

2N2368 npn,PE, si i [ F ; 550000 TR, AL, MO, SPR 
2N2369 npn,PE,si : h i H *650000 TR, MO, AL, NUC, SPR 
2N978 pnp,DD,si é i H *60000 TR 

SFT367 pnp, ge ke A - 


SF1T377 npn,ge 
TH159 pnp,ge 
TI160 pnp, ge 
Ti61 pnp,ge 
T1162 pnp,ge 


2N717 npn, DD, si : | 0.00001 TRWS, CDC, TR, Gl, AMP 


NA 

2N718 npn, DD, si : : ] TRWS, CDC, SY, MO, TR, Gl, 
AMP, AL, NA 

2N719 npn, DD, si : f 0.001 TRWS, CDC, TR, Gl, AMP 


2N720 npn, DD, si ; ; 0.001 80000 TRWS, CDC, TR, GI, AMP, AL, 
NA 


2N721 pnp, DD, si : H 0.001 *60000 KSC, TR 
2N722 pnp, DD,si : i 0.001 *90000 KSC, MO, TR 
2N4105 npn,ge 3 : .025 *1.0 


2N4106 pnp,ge i ‘ . 025 *1.0 
2N718A npn, DP, si : : 0.0000003 | 80000 CDC, TR, AMP, AL, Gl, 
RCA, NA, MO, TRWS 
2N719A npn, DP, si ; ; 0.000005 | 60000 TRWS, CDC, AMP, AL, GI, TR 
2N720A npn, DP, si : : 0.000005 | 60000 TRWS, CDC, GI, AMP, AL, RCA, 
TR 


npn, DP, si ; I 0.000004 | 80000 CDC, GI, AMP, AL 
npn, DP, si : i 0.000004 | 100000 CDC, GI, AMP, AL, 


RCA, NA 
npn, DP, si : 0.000005 | *80000 TRWS, CDC, AL 


npn, DP, si . : 0.000005 | *70000 TRWS, CDC, AL 

npn, DP, si ‘ : 0.000005 | *60000 TRWS, CDC, AL 

npn, DD, si . 0.00001 - TRWS, TR, Gl, AMP, CDC, NA 
npn, DD, si ; 0.00001 - TRWS, MO, TR, GI, AMP, CDC, 
npn, DD, si F 0.00001 - TRWS, SY, TR, Gl, AMP, CDC, 


’ 


(see pages 4-9 for explanation of company abbreviations.) 
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Power (continued) 


MAX. RATINGS CHARACTERISTICS 


2N1131 pnp, DD,si 
2N1132 pnp,DD,si 
2N1252 npn, DD,si 
2N1253 npn, DD,si 


2N 1420 npn, DD, si 


2N 1837 npn,PL,si 
2N 1838 npn,PL,si 
2N 1839 npn,PL,si 


2N1840 npn,PL,si 
2N1983 A npn, DD, si 
2N1984 npn, DD, si 
2N 1985 npn, DP, si 
2N 1986 npn, DD, si 


2N 1987 npn, DD, si 
2N1988 npn, DD, Si 
2N 1989 pnp, DD, si 
2N 1990 npn, DD, si 
2N 1991 pnp, DD, si 


2N2303 pnp, DD, si 
BFY 33 npn,PL,si 
BFY 34 npn,PL,si 
BFY 46 npn,PL,si 
BFY 12 npn,EP,PL,si 


2N 1335 pnp,PL,si 
2N1336 npn,PL,si 
2N 1337 npn,PL,si 
2N1338 npn,PL,si 
2N 1339 npn,PL,si 


2N1340 npn,PL,si 
2N1341 npn,PL,si 
2N1342 npn,PL,si 
2N1409 npn,PL,si 
2N1410 npn,PL,si 


2N2192A npn,si 

2N2193A npn,PE,si 
2N2194A npn,PE,si 
2N2195A npn,PE,si 
2N2243A npn,PE,si 


*30 0.00001 
*45 0.00001 
nao 0.0001 
*45 0.0001 


*700 0.00001 TRWS, CPC, MO, TR, Gl, 


NA, AMP 
*40-120 -0005 CDC 
*40-150 -0015 CDC 
.0015 cDC 


*10-100 CDC 

AMP, ETC, AL 
AMP, ETC, AL 
AMP, ETC, AL 
GI, AMP, ETC, AL 


GI, AMP, ETC, AL 
GI, ETC: AL 
STC, ETC, AL 
SY, GI, AMP, AL 
KSC, TR, MO 


Seco! 
mOmcna 


*10-150 
*10-150 
*10-150 
*10-150 
*10-150 


*10-150 
*10-150 


Gl 
2500 Gl 


130000 CDC, GI, MO, FA, NA, AL 
= CDC, FA, Gl, MO, NA, AL 
CDC, FA, GI, MO, NA, AL 
CDC, FA; GI; MO, AL 
c 


Om or G WWWWw 
SSeooco0 | Sooosco 


2 
2 
2 
2 

2 
2 

2 

2 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2. 
2 

a 
2 

Zi 
Z, 
2. 
va 
zs 
z 
2 
2 
is 
2 
2 


a een Ro 0 --N---  M-------- 


2N698 npn, DP, si : TRWS, TR, GI, AMP, CDC 
2N1206 npn,PL,si ; 0 Tl 
2N1207 npn,PL,si 
2N1505 npn,PL,si 
2N 1506 npn,PL,si 
STC, RCA, NA 


2N1561 pnp, DM, ge 

2N1562 pnp, DM, ge =} be ‘ 

2N 1613 npn, DP, si ; F TRWS, CDC, MO, TR, Gl, AMP, 
AL, RCA 


2N1692 pnp,DM, ge 
2N 1693 pnp, DM, ge 
2N1711 npn, DT, si 
2N1893A npn,PL,si 

2N 1973 npn, DP, si 


2N1974 npn, DP, si 
2N1975 npn, DP, Si 
2N2049 npn, DP, si 
2N3732 pnp, DJ,ge 
2N1506A npn,PL,si 


“ $P10800 
2N497 
2N498 
2N656 


TRWS, CDC, MO, TR, GI, AMP, 
-0001 3000 GI, TR, NA 
0.000005 TRWS, AMP, TR 


0.000005 AL, TRWS, AMP, TR 
0.000005 TRWS, AMP, TR 
0.000004 AL 

VEC 


*60-600 i Dual npn 
*12-36 4 TRWS 


*12-36 TRWS 
oe FA, TR, AMP, CDC, STC, 


2N657 ; TRWS, FA, TR, AMP, CDC, STC 
2N1445 

ibe . ( TI, AMP, SSP 

2N2658 ‘ ‘ ? TI, AMP! SSP 
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Power (continued) 
MAX. RATINGS CHARACTERISTICS 


*20,000 
S20, 


15,000 
15°00 


15,000 
15,000 


2N3469 npn, si 
npn,si 
npn, Si 
npn,si 
npn,si 


SSP, TR, Tl 
TR, SSP, TI 
npn,si TR, SSP, TI 
npn, si 
npn, DD, si 
npn,si 
npn,si 


a on aa 


2N 1480 
2N1481 
2N1482 
2N1615 CDC 

2N1700 STC, TR, TI 


CDC, TR 


2N2017 
2N2282 
2N2283 


2N2284 ; 0 
2N2270 i P CDC, GI, TR, NA 


Qar aon | nome een, 4 in 


2N2297 npn, PE, si 
2N2350A npn,PE,si 
2N2351A npn,PE, si 
2N2352A npn,PE,si 
2N2353A npn,PE,si 


2N2364A npn,PE,si 

2N2726 npn, si 4 : 

2N2727 npn, si - .01 - 
2N2890 npn,PE,si : 0.000002 | *50000 
2N2891 npn,PE,si H 0.000002 | *50000 


2N3016 - ; : ~ 
2N3056 npn, DPE, si y | 80,000 
2N3056A npn,DPE,si P = 200 MHz 
2N3057 npn, DPE,si \ i 100 MHz 
2N3057A npn, DPE,si ; A 200 MHz 


2N3114 npn, DP, si i ; *54000 
2N3374 npn,PE, si .286 

2N3439 npn, si 

2N3440 npn, si 

2N3660 pnp,si 


2N3661 pnp,si 

2N3665 npn, si 

2N3665 npn,DPE,si 

2N3666 npn, DPE, si q 

2N3699 pnp, AE, si . *35-150 


MO, TRWS 


2N3731 pnp,DJ,ge is - 
npn, DP, si i *150 
npn, si i F *70-350 
npn, si K k *70-350 
npn,si h 40 3 *70-350 


npn, si K ; *70 - 350 
npn,si h h *40-200 
pnp,si . ; *35 -200 
npn,si ; *40-200 
npn,si : *25 -200 


npn, si : ; *70-350 
npn,si i ; *40-200 
npn, si : *40-250 
npn,si ; *20-80 
npn,si 


Vcer=300 


lcer = 300 


*40 -200 
*70-350 
*35 -200 
*35- 100 
10-80 


*25-100 
*50-200 
*25-180 
*25-180 


npn, si 
npn,si 
pnp, si 
npn, si 
P7T3500 = 


40250VI npn,si 

40375 npn,si 
2N3719 pnp, AE, si 
2N3720 pnp,AE,si 
0C30 pnp,PADT, ge 


lcer = 0,001 mA 
lcer= 0.001 mA 


free air heat radiator 
free air heat radiator 


| nn@m weanecnonc9n Onan aw Manan omoncan = > on 


Special AF Power 
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Power (continued ) 
MAX. RATINGS CHARACTERISTICS 


npn,AL,ge 
pnp,ge 
pnp,ge 
pnp,ge < f 
2N1184 pnp,ge 5 | *40-120 


2N1184A pnp,si ‘ ; *40-120 
2N1184B pnp,ge i ; *40-120 
2N4077 npn,ge : A i *150 
2N4078 pnp, ge a : F *150 
2N122 npn,si ; A ; "3 


2N2631 npn, si i . % *50-250 

2N2881 pnp : *20-60 

2N2882 pnp * : *20-60 

2N2911 npn b A *20-60 - 
V-600 npn,PE,si is j : .000005 


V-601 npn,PE,si ° : : .001 
V-602 npn, PE, si ; : : .001 
2N1068 npn,si ‘ 
2N1714 npn, si 

2N1715 npn,si 


2N1716 npn,si 
2N1717 npn,si 
2N1718 npn,si 
2N1719 npn, si 
2N1720 npn, si 


2N1721 npn,si 
2N2017 - 

2N2067 pnp,AJ,ge 
2N2067B pnp, AJ ge 
2N2067G pnp,AJ,ge 


2N 2067-0 pnp, AJ,ge 
2N2067W pnp,AJ ,ge 
2N2068 pnp, AJ,ge 
2N 2068-0 pnp, AJ ,ge 
2N2068G pnp, AJ,ge 


2N3418 npn, EP, si 
2N3419 npn, EP, si 
2N3420 npn, EP, si 
2N3421 npn, EP, si 
2N3730 pnp, DJ,ge 


2N4041 - 

40256 npn, si 
40255 npn, si 
TIP14 npn,EP,si 
2N301 pnp,AJ,ge 


2N301A pnp,AJ,ge 
VX -3375 npn,PE, si 
2N3212 ge 

2N3213 pnp,AD,ge 
2N3214 pnp, AD,ge 


2N3215 pnp, AD,ge 
2N2147 pnp, DR, ge 
2N2148 pnp, DR, ge 
40022 pnp, AJ,ge 
40050 pnp, AD, ge 


40051 pnp, AD,ge 
40254 pnp, AJ, ge 
2N1709 npn,PL,si 
2N1710 npn,PL,si 
2N2196 npn, si 


2N2197 npn, si 
2N2201 npn, si 
2N2202 npn, Si 
2N2203 npn,si 
2N2204 npn, si 


2N2239 npn, si 
2N2611 npn, si 
2N2781 npn,PL,si 
2N2782 npn,PL,si 
2N2783 npn,PL,si 


' co co coco co COM 


STC, KSC 
SSP 
AMP, BE, SSP 


1, Pann en ore oo 


tT MT-27, TI 
TMS7, KSC 
+MS7, KSC 
TMS7, KSC 


+MS7, KSC 
TMS7, KSC 
TMS7, KSC 
TMS7, KSC 
TMS7, KSC 


0 
0 
0 
0 
0 
0 
0 
0 


3 
3! 
3; 
3. 
3. 
5 
5 
5 
K) 


COST OV OVO a 


1 
tn | w 
> 


MT59 package 


Tab-Pac 
DE, KSC, BE, ITT, LAN 


DE, KSC, BE, ITT 


Oona WO Wr ee oO 
. : 
on 


NUC 
NUC 
Special Heat Sink 


—F=~—NMoanm aon 
1 COM wii ww Wot 


*200 
*30-90 
30-90 
30-90 
30-90 


*30-200 Special Heat Sink 
12-36 

*7 5-75 

*7 5-75 

*7,5-75 


et ee ee 


MOM MN ee 
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Power (continued ) 


MAX. RATINGS CHARACTERISTICS 


Package 
Outline 


*7.5-79 

*25-75 

*25-75 

*60-120 

*60-120 . 000025 


. 000025 t ttMT 13 
. 000025 

. 000025 tt 

0.000025 ttMT 13 
0.01 


2N2874 npn,PL,si 
2N2987 npn, P, si 
2N2988 npn, P, si 
2N2989 npn, P, si 
2N2990 npn, P, si 


2N2991 npn, P, si 
2N2992 npn,P,si 
2N2993 npn, P, si 
2N2994 npn,P,si 
2N2995 npn, si 


2N3919 npn, DPE,si 

2N3920 npn,DPE,si 

2N 4000 npn, EP, si 

2N4001 npn,EP,si i 

BD109 npn,PE, si ; ee SOT —9 package 


2N2525 npn,PL,si ‘ : 

2N2835 pnp, AJ,ge B Special 
2N 4040 - ; MT59 package 
V-610 npn,PE,si 

V-611 npn,PE, si 


Cell ell aaah ae 
onan 


— Fl ed 
Bamana 
D> 
i 


V-612 npn,PE,si 
2N156 pnp, ge 
2N158 pnp,ge 
2N158A pnp,ge 
2N1042 pnp, ge 


2N 1043 pnp, ge 
2N1044 pnp, ge 
2N1045 pnp, ge 
2N2552 pnp, ge 
2N2553 pnp, ge 


2N2554 pnp,ge 

2N2555 pnp,ge 

2N2556 pnp, ge 

2N2557 pnp,ge E f 

2N2558 pnp, ge K F KSC, SY, BE 


2N2559 pnp, ge F k KSC, SY, BE 
2N2560 pnp, ge iy 

2N2561 pnp,ge 

2N2562 pnp, ge 

2N2563 pnp,ge 


2N 2697 npn, si 

2N2698 npn, si 

2N2875 pnp,PLE,si 

2N3738 npn,si x F 

2N3739 npn, si A ‘i *40-120 


*40-160 
*40-160 
10 


it sat sree 


SY, KSC, BE 


SY, KSC, BE 
‘SY, KSC, BE 
KSC, BE 


2N3766 npn,si 
2N3767 npn,si 
2N3917 npn,DPE,si 
KM7007 pnp,AJ,ge 
KM7008 pnp, AJ,ge 


KM7009 pnp, AJ,ge 
KM7010 pnp, AJ,ge 
2N234A pnp,ge 
2N235A pnp, ge 
2N235B pnp,ge 


2N285A ge,PNP 
2N285B 

2N399 

2N401 

2N418 


2N419 

2N420 

2N420A oe 

2N1218 npn,AL,ge 
2N1483 npn, si 


2N1484 
2N1485 
2N 1486 
2N2308 
2N2887 


oo oo 


KSC 
KSC 
KSC, ITT 


wwe mwwowdwd 


Pe Owwe 
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MODEL 3490-A 
TRANSISTOR 
ANALYZER 


ONLY 
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mEDUCE 


oe a FOWE: 
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MODEL 3490-4 TRANSISTOR ANA’ 


LEAKAGE 


Analyzes both power and signal types at specified 


voltages and currents. RANGES 


. 2 Input Current 0-100-300 u 
Continuously adjustable current — up to 30 amp es rien gt 
collector. Voltage control for transistor supply elec- currents, 0-13:10-30 Ma, 

30 Amp. 
trodes. Iceo, Ico a 0-600 
{icho): Ma, 0-60 ua, 0-6 
Great flexibility allows plotting of transistor characteristic curves along with Collector 0-120 V, 0-60 V, 
: ° - = é : Voltage: 0-30 V, 0-12 V, 
setting up nearly any type of transistor test. Input bias reversing switch gives 0-6 vos v, 
added versatility. Emitter or 0-12 V, 0-1.2 V. 
Base Voltage: 
TESTS: DC Beta Test * AC Beta Test + ICEO Leakage Test + ICO Leakage Tetrode: 0-10 V Calibrat- 


Test + [EO Leakage Test - Zener Diode Test + Punch Through Test + 
Saturation Test + Floating Potential Test *» Alpha Test * Diode and Rectifier 
Tests * SCR Tests 


MODEL 3490-A 


ed Control. 
Shipping wt: 
30 Ibs. 


Suggested 
U.S.A. User Ne 
$400.00 


een eee * 


Power (continued) 


MAX. RATINGS CHARACTERISTICS 


Package 
Outline 


2N3018 - *40 *MT10A 
2N3021 pnp, AE, si : *20-60 
2N3022 pnp, AE, si eB : *20-60 
2N3023 pnp, AE, si oe : *20-60 
2N3024 pnp,AE,si : i ; *50-180 


2N3025 pnp,AE,si : *50-180 
2N3026 pnp,AE,si i - 
2N3230 npn,si 


1 ww wwww * 


Darlington Type, TI 


2N3231 npn,si : 25 ; § - Darlington Type, TI 


2N3441 npn, si 

2N3740 pnp,si 

2N3741 pnp,si , 3 

2N3836 npn,EP,si | : t Darlington 


2N3837 npn,EP,si : ! Darlington 
40368 npn, si : . ; ; 

PT 5694 - ; : A : MT59 package 
T1156 pnp,ge : 

TI158 pnp,ge 


T1539 pnp, ge 
T1540 pnp,ge 

V -800 npn,PL,si 
2N1755 - 

2N1756 - 


2N1757 
2N1758 
2N1759 
2N1760 
2N1761 


2N1762 - 

KM7000 pnp, AJ,ge 

KM7001 pnp, AJ,ge 

KM7002 pnp,AJ,ge , si 
40250 npn, si h *25-100 


40310 npn, si i *20-120 
40312 npn,si k *20-120 
40316 npn, si h 

40324 npn,si 

2N1978 npn, DP,si 


2N2150 npn, TD, si 
2N2151 npn, TD, si 
2N2869 pnp, AJ,ge 
2N2870 pnp,A,ge 
2N2877 npn,si 


2N2878 npn, Si 
2N2879 npn, si 
2N2880 npn, si 
2N2892 npn,PE,si 
2N2893 npn,PE,si 


2N3220 
2N3221 
2N3222 
2N3744 
2N3745 


2N3746 
2N3747 
2N3748 
2N3749 
2N3750 


2N3751 npn,si 
2N3752 npn,si 
2N3850 npn, TDP 
2N3851 npn, TDP 
2N3852 npn, TDP 


2N3853 npn, TDP 
2N3996 npn, EP, si 
2N3997 npn, EP, si 
2N3998 npn, EP, si 
2N3999 npn, EP, si 


hex isolated col. 
hex isolated col. 


hex isolated col. 
hex isolated col. 
hex isolated col. 
hex isolated col. 
hex isolated col. 


hex isolated col. 
hex isolated col. 


>>> 


7/16 stud-Isol 
7/16 stud-lsol 
7/16 stud 
7/16 stud 


WW WW 
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Powe r (continued) 


MAX. RATINGS CHARACTERISTICS 


2N4075 npn, DPE, si 
2N4076 npn, DPE, si 
FT207A npn, DPE, si 
FT207B npn,DPE,si 
KM7011 pnp,AJ,ge 


KM7012 pnp, AJ,ge 
KM7013 pnp,AJ,ge 
KM7014 pnp,AJ,ge 
KM7015 pnp, AJ,ge 
KM7016 pnp, AJ,ge 


KM7017 pnp, AJ,ge 
pnp,A,ge 
pnp, ge 
pnp, ge 
pnp,ge 


2N539A pnp, ge 
2N540 pnp, ge 
2N540A pnp, ge 
2N1202 pnp, ge 
2N1203 pnp, ge 


Sssss 


*60 

*20-50 
*20-50 
*30-75 


*30/75 
*45-113 
*45-113 
*200 
425-15 


*20-50 
*30-75 
*45-113 
*25-100 
*25-100 


>> 
SB SBS 
es 

Poh od Ome | —e—e sss 


oor 


AMMDMMD NMDmD 


2N1261 pnp,ge 
2N 1262 pnp, ge 
2N 1263 pnp,ge 
2N1501 pnp,ge 
2N 1502 pnp,ge 


2N400 - 

2N1011 pnp;ge 
2N2836 pnp,AJ,ge 
2N3583 npn, si 
2N3584 npn, si 


2N3585 npn, si 
npn, si 
npn,si 
npn,si 
npn,si 


eee sel a ee te 


> Le SS 


KSC 
DE, KSC, MO, ITT 
KSC 


Veer =300 
Vcer =300 
Veer =300 


lcer=300 
Vcer=60;leer=0.5 
KSC 


KSC, MO 
KSC 


npn,si 
npn, si 
pnp, AJ,ge 
pnp,AJ,ge 


dt — i —) —I— i — i — i — | 


2N3154 


2N3155 
2N3156 
2N3157 
2N3158 
2N4241 pnp, ge 


2N 1047 npn, si 
2N1047A pnp, si 
2N1047B npn, si 
2N1047C npn,si 
2N1048 npn, si 


2N1048A ; } é STCy TR 
2N1048B Tl 
2N1048C : : 

2N1049 ; : ; STC, TR 
2N1049A : L : STC, TR 


2N1049B F : | Tl 
2N1049C , H 

2N1050 ‘ k : STC, TR 
2N1050A ; : F STC, TR 
2N1050B ; ji : STC, TI 


2N1050C npn, si 

2N 1647 npn,PL,si 
2N1648 npn,PL,si 
2N1649 npn,PL,si 
2N1650 npn,PL,si 


2N 1690 npn,si 
2N1691 npn,si 
2N2018 npn,PL,si 
2N2019 npn 
2N2020 npn,PL,si 


(see pages 4-9 for explanation of company abbreviations.) 
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Power (continued) 


2N2021 

2N2632 

2N2633 

2N 2634 .4 F 

2N2828 - “7 Hex, TI 


2N2829 . *7 Hex, TI 
2N2902 i 

2N3551 : - 

2N4004 i Thin-Pac 
2N4005 npn, EP, si E Thin-Pac 


2N3552 P Isol Thin-Pac 


2N3851 npn, EP, si A Isol Thin-Pac 
- f Ns ‘ MT59 package 


PT5692 
2N2266 pnp, ge 
2N2267 pnp, ge 


2N2268 pnp, ge 
2N2269 pnp, ge 
2N1120 pnp, ge 
2N456A pnp,ge 
2N457A pnp, ge 


2N458A Tl pnp,ge 
2N463 pnp,AJ,ge 
2N678 pnp,ge 
2N678A pnp,ge 
2N678B pnp,ge 


2N678C pnp, ge ; Tl, ITT 

2N1014 pnp,ge *20 KSC 

2N1021 pnp,ge ; DE, KSC, BE, MO, ITT 
2N1022 pnp, ge F : DE, KSC, BE, MO, ITT 


2N 1069 npn, ge : : STC, BE 

2N 1070 npn,ge STC, BE 

2N 1430 - 

2N1722 npn,si STC, TR, BE 
BE 

BE 


2N1722A npn,si 
STC, TR, BE, MO 
BE 


uo 


MO, ITT 
DE, BE, MO, ITT 
DE, KSC, BE, MO, ITT 


DE, BE, MO, ITT 
+WE Orig Reg 
KSC, TI, ITT 
TATE 

Tl, ITT 


wow 


ANVNMDao] CO — NN 


me on 


2N1723 npn, si 


2N1724 npn,si 
2N1724A npn, si 
2N1725 npn, Si 
2N 1905 pnp, AJ, ge 
2N 1906 pnp, AJ, ge 


2N2811 npn, si 
2N2812 npn, si 
2N2813 npn, si 
2N2814 npn, si 
2N236A pnp, ge 


2N236B pnp, ge 
2N 1073 pnp, ge 
2N1073A pnp, ge 
2N1073B pnp, ge 
2N 1079 npn,PL,si 


2N 1080 npn,PL,si 

2N1210 npn,PL,si ; 

2N1211 npn, PL, si : BE, Tl 
2N1616 npn,PL,si : STC, BE, Tl 
2N1618 npn,PL,si ; - STC, BE, TI 


2N1620 npn,PL,si ‘ - STC, BE, TI 
2N 1907 pnp,ge r 

2N 1908 pnp,ge 

2N2288 - 

2N2289 


2N2290 
2N2291 
2N2292 
2N2293 
2N2294 *50-120 


2N2295 *50-120 
2N2296 ~ 50-120 
2N2137 pnp, AJ,ge : A *30-60 
2N2137A pnp,AJ,ge f : *30-60 
2N2138 pnp, AJ,ge z ; *30-60 


esesss sessci 
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P ower (continued ) 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp, AJ, ge 
pnp, AJ, ge 


pnp,AJ,ge 
pnp, AJ, ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 


BWWWD WHOWWW 


*50-100 
*50-100 
*50-100 
*50-100 
*50-100 


*50-100 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
2N2145A pnp,AJ,ge 


2N2146 pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
npn,si 


PE t--t-- m= E--k--k--E-) 
WYWOBD BDHWwWwwe 


ITT 
DE, KSC, ITT 


*20,000 


- Tl 
30 STC, BE, TI 
STC, BE, TI 


STC, BE, TI 
STC, BE, TI 
STC 


npn,si 

npn, si : at STC 

pnp, EP,ge ; 75w @ 35°C 
npn,si 

pnp, ge 


pnp, ge 
pnp, ge 
pnp, ge 
pnp,PADT, ge 
pnp,PADT,ge 


pnp, PADT, ge : 
npn, si : - eat TI 
npn, si h 
npn, si k : TR, STC , BE 
npn,si R h TR, STC, BE 


2N1210 npn, TD, si 
2N1235 i 
2N1260 

2N2383 

2N2384 


pnp, EP, ge *25-100 


pnp, EP,ge *25-100 
*12-60 
*12-60 
*35-70 
*35-70 


*60-120 
*60-120 
*30-60 
*30-60 
*45-90 


*45-90 

*30-200 
*30-200 
*30-200 
*30-200 


ial w ww 
bath 70 ced w w 


Wo Oo Go Oo we ww 


. 


oo}~e 


pnp,AJ,ge 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp, AJ,ge 


~SS NSS sn Ow 
8 : 
ooococom 
aDOoLS 


pnp, AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp, AJ,ge 
pnp,AJ,ge 


Se ie te ie ie | 
—e on 
SARSsS 
WwWwwww 
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FOUR 


SPECIALISTS 


(and what they 


can do for you) 


These four high power Nu-Base germanium 
transistors were created to relieve some 
special problems where reliable peak pow- 
er handling is a requirement. Each is in a 
class by itself with special benefits for 
ignition, TV horizontal sweep circuits and 
high power audio output (tentative speci- 
fications are provided). 

These are rugged, durable transistors 
with built-in protection against secondary 
breakdown (thanks to Delco’s Hydrokinetic 
Alloy process). Extreme parameter stability 
is a result of our Surface Passivation and 
Ambient Control (SPAC). 


THE DTG-1110 


This is a 200-volt 15-amp transistor with 
high power dissipation characteristics, low 
thermal resistance and a rugged perfor- 
mance record. 


= 24VDC 


ANODE 


DTG-1110 VOLTAGE 


TV horizontal deflection incorporating the DTG-1110. 


66 


The drive requirements for your circuits 
are substantially reduced because of the 
high saturated current gain of this special 
application transistor. 


THE DTG-1010 


A 325-volt 15-amp transistor, this device’s 
higher voltage offers many advantages. It’s 
ideal for switching high inductive loads as 
found in many CRT deflection circuits. 


THE DTG-1200 


With a (Vcr Sus) rating of —120 volts, it 
offers excellent gain, high speed and high 
sustaining voltage characteristics. 


Automobile ignition circuit with the DTG-1200. 


ELECTRONIC DESIGN 


It’s the ideal transistor for an ignition 
circuit. Also can be used in fluorescent 
light power inverter circuits. Mobile or 
portable operation is possible and fluores- 
cent tube efficiency is improved due to 
higher oscillation frequency. 


RATED Vce (VOLTS) 


15ma 8000ma 10000ma 
COLLECTOR CURRENT 


Tested sustaining voltage areas of the DTG-1110, 
DTG-1010 and DTG-1200. 


THE DTG-110B 


The DTG-110B is a high power transistor 
which will substantially reduce component 
costs and improve the reliability of quality 
home entertainment audio output circuits. 
It's designed especially for use in high 
fidelity amplifiers. 

The linear gain and the specific gain 
band-width product of the DTG-110B offer 
low distortion and improved amplifier gain- 
phase characteristics. 

Exceptional efficiency in the driver 
stagesis possible because of the DTG-110B’s 
superb transconductance properties. 


UNION, NEW JERSEY* DETROIT, MICHIGAN 

Box 1018 Chestnut Station 57 Harper Avenue 

(201) 687-3770 (313) 873-6560 

SYRACUSE, NEW YORK ~— CHICAGO, ILLINOIS* 

OFFICES 1054 James Street 5151 N. Harlem Avenue 
(315) 472-2668 (312) 775-5411 


*Office includes field lab and resident engineer for application assistance. 


726 Santa Monica Blvd. 
(213) 870-8807 


General Sales Office: 


FIELD 
SALES 


700 £. Firmin, Kokomo, Ind. 
(317) 457-8461—Ext. 2175 


7502 LS ' 
5W 
DTG-110B / pg 
SH 
Ww 


7509 
5 


This two-stage output circuit produces well in excess of 50 
watts RMS audio power with a simple drive requirement. 


0.472 
5W 


THE TO-3 PACKAGE 


Delco Radio’s TO-3 package wraps up this 
group of transistors. 


With its solid copper base (1), maximum 
thermal resistance is just 0.8° per watt, and 
freedom from conventional weld contami- 
nation is assured with Delco cold weld 
construction (2). The TO-3 heavy-duty con- 
nectors (3) offer high current ruggedness, 
and the large germanium wafer (4) delivers 
high continuous and peak power handling 
ability. 

Totally, four Nu-Base specialists in Delco 
TO-3 packages. For data, prices and deliv- 
ery, call one of our sales offices or your 
Delco Radio Semiconductor Distributor. 


| DTG-110B 


Collector Emitter Voltage (VCE Sus) REE od Spieeen he ee os ae es 
Collector to Emitter Voltage (VCEX) | —90V 
Collector Emitter Voltage (VCE0) Ree ae | —40V 
*Emitter Diode Voltage (VEBO) —10V. |. =2V 
Collector Current (IC) —15A —15A |  —25A 
Base Current (1B) —3A —3A | —dA 
Maximum Junction Temperature 110°C 110°C 
Minimum Junction Temperature —65°C © |} —65°C 
Lead Temperature Ye” + 142” from case for 2 seconds 245°C 


*This voltage can be exceeded provided the maximum |B and device dissipation limits are not exceeded. 


SANTA MONICA, CALIFORNIA* 


DELCO RADIO 


Division of General Motors, Kokomo, Indiana 
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Power (continued) 


MAX. RATINGS CHARACTERISTICS 


Package 
Outline 


pnp,AJ,ge 
pnp, ge 
pnp, ge 
pnp, ge 


DE, KSC, ITT 
KSC 

KSC, BE, ITT 
KSC, BE, ITT 
KSC, BE 

KSC, BE 

KSC, BE 

MO, KSC, BE, DE 
KSC, BE 

KSC, ITT 


pnp, AJ,ge 
pnp,AJ,ge 


pnp, AJ, ge 
pnp,AJ,ge 
pnp, AJ, ge 
pnp,ge 

pnp, AJ, ge 


onw Swonanan ons M we 


KSC, ITT 
SC 


cCocmomocn™ | acne! 1 OP Oy | Hm 


2N638A 


2N638B ~ 

2N669 pnp,AJ,ge 
2N677 pnp,ge 
2N677A pnp,ge 
2N677B pnp,ge 


KSC, Tl, ITT 
KSC, Tl, ITT 
KSC, Tl, ITT 


KSC, Tl, ITT 
RENTS 


PWWOW |] WW WW WiowwW!] WWWwWW WWwwow 


. . 
rDMm™D 
DMD 


pnp,ge 
pnp, ge 
pnp, ge 
pnp, ge 
pnp, ge 


ee — ee — 
eect wee as = 


*50-100 
stH00. 
*50-100 
*50-100 KSC, ITT 


*50-100 KSC, ITT 
7180. KSC ITT 
15 d 
*75-150 KSC, ITT 
100-200 KSC, ITT 


KSC, ITT 
KSC, ITT 
BE 


KSC, BE 
KSC, BE 


66 
25 
25 
25 
25 
25 
25 
25 
25 


ePP> | | 


pnp, AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 


Praeae | PPPS 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 


pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
2N 1362 pnp, AJ,ge 


2N1363 pnp,AJ,ge 
2N1364 pnp,AJ,ge 
2N1365 pnp, AJ,ge 
2N1529 pnp, AJ,ge 
2N1529A pnp, AJ,ge 


ee et ee ee 
CO wie ere te Vettel aie ae ee ter 
BO PO PO PO PO BRO RO PO HS PM BO RO PO MO PO 


tt et 
ar ee I a 
BO PO MO PO PO 
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Power (continued) 


MAX. RATINGS CHARACTERISTICS 
Type ‘ j I 
No. Type W7-6 


2N1530 pnp,AJ,ge 1.2 2 KSC, BE 
2N1530A pnp, AJ,ge 1.2 2 KSC, BE 
2N1531 pnp,AJ,ge 1.2 2 KSC, BE 
2N1531A pnp, AJ,ge 1.2 2 KSC, BE 
ier 2N1532 pnp, AJ,ge 1.2 2 KSC, BE 
2N1532A pnp,AJ,ge 1:2 2 KSC, BE 
2N1533 pnp,AJ,ge 1.2 2 KSC, BE 
2N1534 pnp, AJ,ge 1.2 2 8.5 DE, KSC, BE, ITT 
2N1534A pnp,AJ,ge Ld 2 8.5 KSC, BE 
2N1535 pnp,AJ,ge 1.2 2 8.5 DE, KSC, BE, ITT 
pnp,AJ,ge 1.2 2 8.5 DE, KSC, BE, ITT 
pnp,AJ,ge 1.2 2 8.5 KSC, BE 
pnp, AJ,ge 12 2 8.5 KSC, BE, ITT 
pnp,AJ,ge 12 2 8.5 KSC, BE 
2N1538 pnp, AJ,ge: 1.2 2 8.5 KSC, BE, ITT 
P72 
2N1539 pnp,AJ,ge 1.2 2 4 DE, KSC, BE, Tl, ITT 
2N1539A pnp,AJ,ge 1.2 2 4 KSC, BE 
2N1540 pnp, AJ,ge 1.2 2 4 DE, KSC, BE, TI, ITT 
2N1540A pnp,AJ,ge 12 2 4 KSC, BE 
2N1541 pnp, AJ,ge 1.2 2 4 DE, KSC, BE, Tl, ITT 
2N1541A pnp,AJ,ge wi 2 4 KSC, BE 
2N1542 pnp, AJ; ge Ys 2 4 DE, KSC, BE, Tl, ITT 
2N1542A pnp, AJ,ge ie 2 4 KSC, BE 
2N1543 pnp,AJ,ge ce 2 4 DE, KSC, BE, TI, ITT 
2N1544 pnp, AJ, ge 2 2 4 DE, KSC, BE, ITT 
P73 
2N1544A pnp, AJ,ge 2 2 4 KSC, BE 
2N1545 pnp,AJ,ge a2 2 4 DE, KSC, BE, ITT 
2N1545A pnp,AJ,ge aL. 2 4 KSC, BE 
2N1546 pnp,AJ,ge 2 2 4 DE, KSC, BE, ITT 
2N1546A pnp, AJ,ge 2 2 4 KSC, BE 
2N1547 pnp,AJ,ge 2 5 2 4 DE, KSC, BE, ITT 
2N1547A pnp,AJ,ge 7 5 2 4 KSC, BE 
2N1548 pnp, AJ,ge 2 5 2 4 KSC, BE, ITT 
2N1549 pnp,AJ,ge 2 15 3 KSC, BE, ITT 
2N1549A pnp,AJ,ge a2 15 3 KSC, BE 
P 74 
: 2N1550 pnp, AJ,ge 2 3 KSC, BE, {TT 
2N1551 pnp, AJ,ge 2 3 KSC, BE, ITT 
2N1551A pnp,AJ,ge se 3 KSC, BE 
2N1552 pnp, AJ,ge 22 3 KSC, BE, ITT 
2N1552A pnp, AJ,ge od 3 KSC, BE 
2N1553 pnp, AJ,ge 1.2 3 KSC, BE, TI, ITT, DE 
pnp,AJ,ge 1.2 3 KSC, BE 
pnp, AJ,ge 1.2 3 KSC, BE, TI, ITT, DE 
pnp,AJ,ge 1.2 3 KSC, 
2N1555 pnp, AJ,ge 1.2 3 KSC, BE, Tl, ITT, DE 
P75 
2N1555A pnp,AJ,ge 1.2 3 KSC, BE 
2N1556 pnp,AJ,ge 1.2 3 KSC, BE, TI, ITT, DE 
2N1556A pnp,AJ,ge 1.2 3 KSC, BE 
2N1557 pnp, AJ,ge 1.2 3 KSC, BE, ITT, DE 
2N1557A pnp,AJ,ge 1.2 3 KSC, BE 
2N1558 pnp, AJ,ge M3 3 KSC, BE, ITT, DE 
2N1558A pnp, AJ,ge 2 3 KSC, BE 
2N1559 pnp,AJ,ge ad 3 KSC, BE, ITT, DE 
2N1559A pnp, AJ,ge 2 3 KSC, BE 
2N1560 pnp, AJ,ge 2 3 KSC, BE, ITT, DE 
P 76 
2N1560A pnp, AJ,ge ee 3 KSC, BE 
= 2 
= 2 
- 2 
- 2 
= 3 
= 3 
= 3 KSC 
npn, TDP, si 3 
pnp, ge = 
P77 
pnp,ge - 
pnp,ge = 
pnp, ge = 
- 3 
3 
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Power (continued ) 


BE 


MAX. RATINGS CHARACTERISTICS 
Type 


- 3 

npn,si G #7," hex, Tl 
npn, si * 7" hex, TI 
npn,si . *7," hex, Tl 
npn,EP,si 63 


npn, EP, si 
npn,AJ,si 
‘npn, AJ, Si 
npn,AJ ,Si 
npn, AJ,Si 


PD eee | eet BD 


npn,AJ,si 14 
npn,AJ,si 14 
npn, AJ, Si 1.4 
npn, AJ,si 1.4 
npn,AJ,si 1.4 
P79 k 
npn,AJ,si 1.4 = 
npn,AJ,si 1.4 - 
npn, AJ,Si 1,4 - 
npn, AJ,si 1,4 t 
npn, AJ, si 14 Tt 
npn,AJ,si 4 + 
npn,AJ,si 4 t 
npn,AJ,si 4 t 
npn,AJ,si 4 t 
152-10 npn, AJ, si 4 t 
P 80 ; 
152-12 npn, AJ,si A - 
152-14 npn,AJ,si A - 
152-16 npn,AJ,si A - 
152-18 npn,AJ,si 4 - 
152-20 npn,AJ,si 4 - 
40355 npn, si 1000 
DTS -423 npn,si Gee! 
40363 npn,si 0.657 
2N3442 npn, si 0. 668 
2N3445 npn, AE, si 0.66 AS) 
P 
i 2N3446 npn, AE, si 0.66 75 
2N3447 npn, AE, si 0.66 7.5 
2N3448 npn,AE,si 0.66 7.5 
2N3487 npn, AE, si 0.66 iS 
2N3488 npn, AE, si 0.66 7.5 
2N3489 npn,AE,si 0.66 7.5 
npn, AE, si 0.66 7.5 
npn, AE, si 0.66 7.5 
npn, AE, si 0.66 7.5 
npn, si 0.668 7 
P 82 
npn,si 0.668 15 
npn,DJ,si 0.68 
npn,DJ,si 0.68 
npn,DJ,si 0.68 
npn,DJ,si 0.68 
2N1899 npn,PL,si 1,0 
2N1900 npn,PL,si 1.9 
2N1901 npn,PL,si 10 
2N1902 npn,PL,si 1,0 
2N1903 npn,PL,si 1,0 
P 83 
2N1904 npn,PL,si 1 
2N3076 npn,PL,si 1.0 
2N3263 npn, si 1 +Tc=75C, TI 
2N3265 npn, si 1 tTc=75C, Tl 
DTS430 npn, TOP, si 0.7 
DTS431 npn, TOP, si 0.7 
2N2733 pnp, ge 1.67 
2N2734 pnp,ge 1.67 
2N2735 pnp, ge 1.67 
2N2736 pnp, ge 1.67 *30-120 
P84 | on2737 1.67 30-120 
2N2738 1.67 
2N173 “0 
2N174 5 
2N174A pnp,AJ,ge 5 


(see pages 4-9 for explanation of company abbreviations.) 
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precision de voltage standards 
now available with— 
accuracies to 0.003% 
stability to 15 ppm 

from Cohu Electronics 


us COHU’S NEW MODEL 326 DC VOLTAGE STANDARD: an excep- 
tionally accurate and stable source with a wide range of voltages at 
extremely low output impedance. Output voltages from 0 to +1222.2221 
volts in 3 decade ranges, with steps as small as 1 »V, and an accuracy of 
0.003% of setting; stability within 15 ppm for 7 days, 25 ppm for 6 
months; output current to 50 mA; output impedance less than (0.00025 
+ 0.00005Eout) ohms at DC; noise and hum less than 20 zV rms. 
$2490.00. 


& MODEL 303B DC VOLTAGE STANDARD: highly accurate, direct set- 
ting, stable output over a wide range of voltages. Specifications: output 
voltage accuracy to within 0.01% of setting; output voltage from O to 
+1111.1110 volts in 3 decade ranges, steps as small as 1 uV; output 
current to 25 mA; stability within 25 ppm for 7 days, 50 ppm for 6 
months; noise and hum less than 40 zV rms. $2000.00. 


u MODEL 313 PROGRAMABLE DC VOLTAGE STANDARD: from Oto 
+1111.1110 volts in any desired sequence. The instrument automatic- 
ally responds to any program applied in the form of parallel entry, 1-2-4-4 
BCD signals; output voltage accuracy is within 0.01%; stability is within 
25 ppm for 8 hours and 50 ppm for 30 days; noise and hum is less than 
40 nV rms; output current up to 25 mA; maximum settling time of output 
approx. 1 second. $3995.00. 


= MODEL 321/323 DC VOLTAGE STANDARDS: accurate, stable volt- 
ages, to 25 mA current in rackmount or cabinet configurations. Voltage 
range 0 to +1111.110 volts with steps as small as 10 uV; output voltage 
accuracy within 0.01% of dial settings; stability is within 25 ppm for 8 
hours and 50 ppm for 30 days; output noise and hum less than 40 zV 
rms; Model 321 (rackmount) or 323 (cabinet) versions available with or 
without nullmeter. $1600.00 to $1900.00. 


® MODEL 302 DC VOLTAGE STANDARD AND NULL VOLTMETER: 
range 1.000 to 502.110V; short term stability, +25 ppm +25 uzV; output 
current to 20 mA; accuracy within 0.01% of setting +200 uV. $1495.00. 


u MODEL 325 DC VOLTAGE CALIBRATOR: a stable dc voltage source 
with an accuracy within 0.02%. Output voltage is from 0 to +1111.110V 
in steps as small as 10 uV; output current to 25 mA; lightweight; portable. 
$995.00. 


Mode! 327 


Mode! 323-07 


a 


Send for complete product information on these dc voltage standards, or 
any of COHU’s line of precision instruments. Representatives in all major 
cities. 


Model 325 


Box 623, San Diego, California 92112 
Sn OS SS Ee oe ae LSS | PHONG 714-277-6700 
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Power (continued ) 


; MAX. RATINGS CHARACTERISTICS 
V 
iF ayoke hg Package 
Type 7 j CBO ‘i Ovtline 
No. Type w/°c | (°c)] (VY) FE 
DE ' 
: 36 


2N277 
2N278 
2N441 
2N442 
2N443 


2N511 


pnp,AJ,ge 
pnp, AJ, ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp, AJ, ge 


pnp,ge 


2NSIIA pnp, ge 
2N511B pnp, ge 
2N512 pnp, ge 


2N512A 
2N512B 


pnp, ge 


P 86 


pnp, ge 


2N513 pnp,ge 
2N513A pnp,ge 
2N513B pnp,ge 
2N514 pnp, ge 


2N514A pnp, ge 


SRM Roum 


2N514B pnp,ge 

2N1015C npn, AJ, si 
2N 1099 pnp,AJ,ge 
2N1100 pnp,AJ,ge 


2N1358 
2N1412 


pnp, AJ, ge 
pnp, AJ, ge 


2N1412USN pnp,AJ,ge 
2N1936 npn, si 
2N1937 npn, Si 


P 87 


2N2015 npn, si 


36 
2N2016 npn, si 36 
2N2226 npn, AJ, Si t 
2N2227 npn,AJ,si t 
Tt 


2N2228 npn,AJ,Si 


2N2229 npn,AJ,si Z t 
2N2230 npn, AJ,si 2.0 t 
2N2231 npn, AJ,si 2.0 t 
2N2232 npn,AJ,si 2.0 Tt 
2N2233 npn,AJ,si 2.0 tT 
P 88 

2N2338 npn, si 0.855 36 
2N3429 npn,AJ,si 1,33 - 
2N3430 npn, AJ,si 1.33 - 
2N3431 npn, AJ,si 1.33 - 
2N3432 npn,AJ,si 1.33 = 
2N3433 npn,AJ,Si 33 

2N3434 npn A J,si 33 

2N3470 npn,AJ,si 

2N3471 npn, AJ,si 

2N3472 npn,AJ,Si 


P 89 


2N3473 


npn,AJ,Si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn, AJ,si 


BO BRO BO BO PO SPSS ort 


2N3477 


2N3713 
2N3714 


npn, si 
npn,si 


2N3715 npn, si 
2N3716 npn, si 
2N3771 npn,si 


P90 
2N3772 npn, si 
2N3773 npn, si 
2N3789 pnp,si 
2N3790 pnp,si 
2N3791 pnp, si 


2N3792 pnp, si 


2N3846 npn, TDM,si 

2N3847 npn, TDM,si 

2N3848 npn, TDM,si 

2N3849 npn, TDM,si 63 

P91 

713027 pnp,ge 3 
713028 pnp, ge 3 
713029 pnp,ge 3 
713030 pnp,ge 3 
713031 pnp,ge 3 


(see pages 4-9 for explanation of company abbreviations.) 
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Power (continued ) 


MAX. RATINGS CHARACTERISTICS 


2N3146 pnp,ge *30-90 10 - 
2N3147 pnp, ge 30-90 10 ~ 
2N2075 pnp, AJ,ge *25-100 4 5 DE 
2N2075A pnp, AJ, ge *25-100 4 5 
é 2N2076 pnp,AJ,ge *25-100 4 5 DE 
92 
2N2076A pnp,AJ,ge *25-100 4 5 
pnp,AJ,ge *25-100 4 5 DE 
pnp,AJ,ge *25-100 4 5 
pnp,AJ,ge *25-100 4 5 DE 
2N2078A pnp, AJ, ge *25-100 4 5 
2N2079 pnp,AJ,ge *40-160 4 5 DE 
2N2079A pnp,AJ,ge *40-160 4 5 
2N2080 pnp,AJ,ge *40-160 4 5 DE 
2N2080A pnp,AJ,ge *40-160 4 5 
ae 2N2081 pnp,AJ,ge *40-160 4 5 DE 
2N2081A pnp,AJ,ge *40-160 4 5 
2N2082 pnp,AJ,ge *40-160 4 5 DE 
2N2082A pnp,AJ,ge *40-160 4 5 
2N2152 pnp,AJ,ge *50-100 4 2.7 
2N2152A pnp,AJ,ge *50-100 4 2.7 
2N2153 pnp,AJ,ge *50-100 4 27 
2N2153A pnp,AJ,ge *50-100 4 2.7 
2N2154 pnp,AJ,ge *50-100 4 2.7 
2N2154A pnp, AJ,ge *50-100 4 2.7 
2N2156 pnp,AJ,ge *80-160 4 2d 
2N2156A pnp,AJ,ge *80-160 4 Ze 
2N2157 pnp,AJ,ge *80-160 4 2.7 
2N2157A pnp,AJ,ge *80-160 4 2.7 
2N2158 pnp,AJ,ge *80-160 4 2.7 
2N2158A pnp,AJ,ge *80-160 4 2.7 
2N2357 - =15 - 
2N2358 - *15 - 
2N2359 - *50 - 
2N2728 pnp, AJ,ge *40-130 - 
2N2730 pnp, ge *30-120 5. 
2N2731 pnp,ge *30-120 5 
2N2732 pnp,ge *30-120 5 
2N3311 pnp, AJ,ge 60-120 0. 
2N3312 pnp, AJ,ge 60-120 0. 
2N3313 pnp,AJ,ge 60-120 0. 
2N3314 pnp,AJ,ge 0. 
2N3315 pnp, AJ,ge 0. 
2N3316 pnp, AJ,ge” 0. 
2N4048 pnp,ge 4 
2N4049 pnp,ge 4 
2N4050 pnp,ge 4 
2N4051 pnp,ge 4 
2N4052 pnp,ge 4 
2N4053 pnp, ge 4 
MP500 pnp,AJ,ge 4 
MP500A pnp,AJ,ge 4 
MP501 pnp, AJ,ge 4 
MPSO1A pnp, AJ,ge 4 
MP502 pnp,AJ,ge 4 
MP502A pnp,AJ,ge 3 
P97 
pnp, AJ,ge 4 
pnp, AJ,ge 4 
pnp, AJ,ge 4 
pnp,AJ,ge 4 
pnp, AJ,ge 4 
MP506A pnp,AJ,ge 
2N2580 pnp, DD, si 
2N2581 npn, DD, si 
2N2582 npn,DD,si 
2N2583 npn, DD, si 
P 98 


2N574 pnp,ge 
2N574A pnp, ge 
2N575 pnp, ge 
2N575A pnp, ge 
2N1157 pnp,ge 


(see pages 4-9 for explanation of company abbreviations.) 
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Power (continued ) 


74 


npn, AJ,si 


npn, AJ,si 
npn, AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
non, AJ,si 
npn, AJ. si 
npn,AJ,si 
npn,AJ,si 


npn, AJ,si 
npn,AJ,si 
npn,AJ,si 
npn, AJ, si 
npn,AJ,si 


npn,AJ,si 


npn, AJ, si 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


npn, AJ, si 
npn,AJ,si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


pnp, AJ, si 
npn, AJ,Si 
npn, AJ,si 
npn, AJ,si 
npn,AJ,si 


npn, AJ, Si 
npn, AJ,si 
npn,AJ,Si 
npn,AJ,si 
npn,AJ,si 


npn, AJ,Si 

npn, AJ,si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


MAX. RATINGS CHARACTERISTICS 


TO BO RO HO PO Ro PO POPS 


7] Hex, Tl 


+7 Hex, Tl 
*7 Hex, TI 
"7 Hex, Tl 
#7 Hex, Tl 
7 Hex, TI 


*7 Hex, TI 
#7 Hex, TI 


tt ts 


(see pages 4-9 for explanation of company abbreviations.) 
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INSPIRATIONAL THOUGHTS FOR THE TECHNICALLY INCLINED 


ITTSY BITS 


Why the baby talk? We’re bubbling 
with happiness over our latest baby. 
It’s the fifth generation of a native- 
born family, and although the small- 
est, it is undoubtedly the best today 
by virtue of its breeding. This latest 
offspring is the new Size 11 Shaft 
Encoder we have named ADAC. Now 
ADAC, like its ancestors, is charac- 
terized by engraved drums which are 
interconnected by high-speed, anti- 
backlash, continuous gearing and 
by special brushes which interro- 
gate and read out the drum position 
on the run or at rest. 


At this point we can almost hear 
you say, “So what’s new about 
that?” It’s an all-around better baby! 
First of all, the ADAC is a high-speed 
device designed to run at 200 rpm 
input shaft speed. It can be inter- 
rogated on a bit-by-bit basis in 1 
millisecond while on the run. Even 
more important, it packs a lot of 
bits into a tiny package —for ex- 
ample, in a can only 3 962” in 
diameter and 2.355” long, you can 
buy a count of 16,384 bits (2'*). We 
have also included all the advan- 
tages of V scan (U scan optional) 
for unambiguous binary outputs and 
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have incorporated all necessary 
diode logic as well. 

ADAC units are available as 
binary encoders covering the range 
of 2° through 2'*. We also have BCD 
encoders in decimal counts to 
99999 and angular counts to 359.9°. 
A 2'° gray code device is also 
available. 

To give you a better idea of the 
new encoder’s breeding, we think 
these statistics will prove helpful. 


TYPE SIZE 11 UNITS 


CHARACTERISTIC BINARY BCD 
Voltage/Current 28vdc/20ma 28vdc/20ma 


Interrogation Pulsed or Serial 
continuous 


Readout On run and static 
Output Parallel Parallel digit, serial 
s 


between digi 
Isolation diodes are standard to permit 
aring 
Countsperrevolution 126 or 256 100 
Starting Torque 0.20 in. oz. 0.20 in. oz. 
Accuracy = 1 bit for any given input shaft angle 
Life 5,000,000 revolutions at 300 rpm (min) 


Time Sharing 


SUMMARY OF OTHER FEATURES 


@ Solid gold alloy drums and 
brushes M@ In-line brush geometry 
@ Continuous precision gearing 
@ Flush conducting and non- 
conducting drum surface m@ Steel 
shafts and precision bearings 
@ Standard Size 11 mounting 
m@ Isolation diodes for positive and 
negative logic included. 

The proud parents are anxious to 
send youa brand new brochure cele- 
brating the event, so let us know who 
you are and where we can find you. 
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INERTIA 


Sometimes it takes a sharp push 
to get things going. We say we’re 
working against inertia. At other 
times we pull and haul to get things 
“off the dime” overcoming a kind 
of viscous unwillingness. But inertia 
and viscosity can be real advan- 
tages instead of irritants. There are 
times, for example, when a tach 
generator (we make them, too) can 
be replaced by a viscous or inertial 
damped servo motor. There’s been 
a lot written on the subject, and 
we’re not going to discuss the ob- 
vious advantages of these devices 
except for the following summary 
and an invitation to write for more 
details. 


TYPICAL DAMPED SERVOMOTOR CHARACTERISTICS 
TYPE—VISCOUS 


SIZE 8 8 

Part Number CMO 0180 450 CMO 1302 450 
Stall Torque 0.26 in. oz. 0.31 

No-Load Speed 5190 rpm 6200 

Rotor Moment of Inertia 0.69 gm cm? 0.48 

Theoretical Accel at Stall 28,600 rad/sec2 48,500 

Time Constant 0.0531 sec 0.0119 

Fly Wheel Damping —_ 196 dyne-cm-sec 
Fly Wheel Inertia _— 4.6 gm cm? 
Weight 2.0 072. 2.6 


TYPE—INERTIAL 
SIZE 11 15 18 


Part Number CRO 1300 660 11310-41B R1320-2B 
Stall Torque 0.60 1.45 2.25 
No-Load Speed 6000 4500 4500 
Rotor Moment of Inertia 1.45 5.48 6.25 
Theoretical Accel at Stall 30,700 18,700 26,000 
Time Constant 0.022 0.0255 0.0185 
Fly Wheel Damping 100 750 750 

Fly Wheel Inertia 10 100 100 
Weight 6.0 12.0 18 


KEARFOTT DIVISION 


&@® GCENERAL 
PRECISION t 


AEROSPACE GROUP 
Little Falls, New Jersey 
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Power (continued) 


2N4107 
Plll | 94136 
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164-20 

2N2902 
2N 1809 
2N 1810 
2N 1811 


2N1812 
2N 1813 
2N1814 
2N1816 
2N1817 


2N 1818 
2N1819 
2N1823 
2N 1824 
2N 1825 


2N 1826 
2N1830 
2N 1831 
2N1832 
2N1833 


2N2109 
2N2110 
2N2111 
2N2112 
2N2113 


2N2114 
2N2116 
2N2117 
2N2118 
2N2119 


2N2123 
2N2124 
2N2125 
2N 2126 
2N2130 


2N2131 
2N2132 
2N2133 
2N3149 
2N3150 


/2N3151 


DTG-1010 
DTG1200 

DTG-2000 
DTG-2100 


DTG-2200 
DTG-2300 
DTG-2400 
NTS- 413 
2N4079 


npn, AJ, si 
npn, si 

npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


WwNrYo 


BRO BO RS RO POS BO BRO BRO BO PS POR PO 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJsi 

npn, AJ, si 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


RO BO RO RO PO 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


MO PO RS PO PM BRO RO BO HS PS 
PO BRO RO POPS 


npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 
npn, AJ, si 


PO PO HD PO PO 
BRO BO PO PO PO 


Nh bh 
A3A3 RS 


pnp,ge 

pnp,ge 

pnp,ge 

pnp,ge 

npn,si - 0.8 150 
2N4077 & 2N4078 combined to form matched complem 


2N4105 & 2N4106 combined to form matched complem 


Package 
Outline 


(T0-) 


*1/q" Hex 


entary pajr 


oom ig ee ee a ee ee ee ee es oe oe ae 


entary pair 
2N2430 & 2N2431 combined to form matched complementary pair 
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This 5 MHz counter/timer from Monsanto 
IS only 34 inches high, and weighs just 

16 pounds. Yet it dives you a time base 
range from 1 second to 100 seconds in 
decade steps, and resolution for frequency 
measurement of 0.01 Hz. 


HOW COME? Integrated circuits. In 90% of the 
active circuits. That’s how Monsanto builds big per- 
formance into a small package. Plus speed, accuracy, 
reliability, low power consumption, low heat genera- 
tion and easy maintenance. Six of the 13 printed cir- 
cuit boards are interchangeable. 

HOW MUCH? Just $1575. And that low selling price 


MONSANTO, ELECTRONICS DEPT. 800 NORTH LINDBERGH BLVD. « ST. LOUIS, MO. 


goes with these “high-priced” specs: 

¢ Measures average frequency: 0—5 MHz « Measures 
average periods: 0.2 uw sec. to 1 sec. * Measures single 
periods: 1 w sec. to 10© sec. * Measures frequency 
ratios: 10- to 106 * Measures time intervals: 1 yu sec: 
to 10® sec. * Counts: random or uniformly spaced signals. 
Want to know more? Just clip the coupon. 


Details, please, on the Model 1010 5 MHz Counter/Timer TC 


Model 1000 20 MHz Counter/Timer [] 


Monsanto 
Firma. 


Name/Title 
® 


Address 


City/State/Zip 
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Low-Level Switching 


Generally types rated under one watt. In order of fee or fr. 


foe 
* 
fy 
Type (MHz) 
RA 0.05 


MAX. RATINGS CHARACTERISTICS 


V 
Nig: aye’ | Ico Coe 
4 ‘ cBo| 'c *IcEo | *Cob 
Cc’ |mW/°C) (V) (mA) (uA) (pF) 
40 50 1 


2N327A pnp, si Za SSD, CT, STC, ETC, SPR 
2N328A pnp,si SSD CT STG; ETC, AlsSPR 
2N328B pnp,PL,si SPR 

2N329 pnp,si 

2N329A pnp, si SSD, CT, STC, ETC, SPR, TI 


SPR 


2N329B pnp, PL, si 


Dnwhkinn | MOoUmy, J- 
— 


ss : Sta 
wmoawwo wWumwworcw 


2N1034 pnp, si 5 KSC, CT, ETC, SPR 
2N1035 pnp,si 5 KSC, CT, ETC, SPR 
2N1036 pnp,si 5 KSC, CT, ETC, SPR 
2N 1037 pnp,si 5 KSC, CT, ETC, SPR 


Tg ee | 1S esLsso Serolco 


2N1275 pnp,si 1.85 CT, SPR 

2N1640 pnp,SYM 1.9 

2N1641 pnp, SYM 1.9 

2N519 pnp,AJ,ge 1.67 

2N519A pnp, AJ,ge 2.0 

2N943 1.67 CT, Chopper Pairs, SPR 
2N946 1,67 CT, Chopper Pairs, SPR 
2N944 1.67 CT, Chopper Pairs, SPR 
2N945 1.67 


EA Chopper Pairs, SPR 


2N1091 


2N1614 
2N3342 
2N3344 
2N3345 
2N3346 


2N3842 pnp,PE,si , 3 Chopper 


npn, AJ,ge 


pnp, AJ, ge 
pnp, AJ 
pnp, AJ 
pnp, AJ 
pnp, AJ 


Pree S 
~~ NS 


2N3977 pnp,PE, si ‘ : Y Chopper 
2N3978 pnp, PE, si j i iF Chopper 
2N3979 pnp, PE,si 1 ; h Chopper 
2N 1642 pnp,SYM F a! 


2N594 npn,AJ,ge 


2N3841 pnp, PE, si ob Chopper 
2N356 npn,AJ,ge 0 Tl 
2N356A npn, AJ,ge 0 TI 

2N 426 pnp,AJ,ge A) 

2N520 pnp,AJ,ge 1.67 

2N528A pnp,AJ,ge 2.0 

2N585 npn,AJ,ge = 

2N595 npn,AJ,ge 2.5 

2N1012 npn,AJ,ge © 2.0 


2N1051 npn, DD,si 4 5 

2N1694 npn, ge - 5 

2N2946 pnp,si 23 46 

T-404 pnp,ge - 1 

2N404 pnp,AJ,ge ~ 5 AMP, GI, TI, RCA, NUC 
2N404A pnp, AJ 5 

2N1605 pnp, AJ, ge 3 

2N1G05A pnp, AJ, ge : 

2N1808 npn,AJ,ge 5 

2N1169 npn,AJ,ge 5 


2N1170 npn,AJ,ge 


5 
2N315 pnp, AJ,ge 5 
2N315A pnp,AJ,ge 5 
2N315B pnp, AJ,ge : 
2N 388 pnp,AJ,ge 5 


2N388A pnp,AJ,ge 
2N427 pnp,AJ,ge 


2N596 npn,AJ,ge 3 
2N858 pnp,SP,si é ; 5 i *PH orig Reg, CT 
2N 1090 npn,AJ,ge Gl 


2N2945 pnp, si 

2N3677 pnp,si 6 i 

2N357 npn, AJ,ge : u 
2N357A | npn, AJ,ge : TI 

2N859 pnp, SP,si : it H *PH orig Reg, CT 
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Low- Level (continued ) 


2N 1319 
2N2274 
2N2275 
2N2276 
2N2277 


2N3840 
3N123 

UD-1001 
UD-1002 
UD-1003 


LL 8 


2N2186 


2N2187 
2N1000 
2N1119 
2N861 


2N2278 
2N2279 


2N3318 


2N358A 


2N428 
2N863 
2N942 
2N2165 
2N2166 


2N2944 
2N2968 
2N2969 
2N2677 
40346 


TW-135 
2N316 

2N316A 
2N3019 
2N3020 


2N3319 
2N2162 
2N2163 
3 2N337A 
2N522 
LL 
, 2N522A 
2N580 
2N1276 
2N1277 
2N1278 
2N1279 
2N1309A 
2N2349 
2N3677 
2N864 
L 
ince 2N941 
2N1676 
2N1677 
2N2167 
2N2280 


pnp, AJ,ge 
pnp, SP, si 
pnp,SP,si 
pn p,SP,si 
pnp, SP, si 


pnp, PE, si 
pnp,PE,si 
npn, PE, si 
npn, PE,si 
pnp,PE, si 


pnp,PE, si 
pnp,SP,si 
pnp, SP,si 
pnp, SP,si 
pnp,SP,si 


pnp, SP,si 
npn,AJ,ge 
pnp,SAT,si 
pnp, SR, si 


pnp, SP,si 
pnp,SP,si 


pnp,SP, si 
pnp, AJ, ge 


pnp,AJ,ge 
pnp, AJ,ge 
pnp,AJ,ge 
pnp,AJ,ge 
pnp, AJ,ge 


pnp, SP,si 
pnp, SP, si 
pnp, SP, si 
npn,AJ,ge 
npn,AJ,ge 


npn,AJ,ge 
pnp, SP, si 
AJ 


pnp,SP,si 
pnp, SP, si 


Package 


*Cob 
(pF) 


Tl 
Chopper, *PH orig Reg, CT 


: MAX. RATINGS CHARACTERISTICS 
fae 
i 
(MHz) 
6 
*6 


CEO 
CBO 
(V) 
25 


*6 25 M. Pair 2N2274*PH orig Reg, CT 
*6 *15 Chopper, *PH Orig Reg, CT 

*6 *15 M. Pair 2N2276 *PH orig Reg,CT 
*6§ Chopper 

6 Dual 

6 Twin Dual 

6 Twin Dual, 8 lead flat pack 

6 Twin Dual, 8 lead flat pack 

6 Twin Dual, 6 lead flat pack 

*6. Chopper 

*6 *PH orig Reg, CT 


* 


* 
Doe 


Chopper; CT, SPR 
. Pair 2N2185; *PH orig Reg, 
iT 


M. Pair 2N2185; CT, SPR 


*PH orig Reg, CT 
*PH orig Reg, CT 


Chopper *PH orig Reg, CT 
: Pair 2N2278 + PH Orig Reg, 
T 


Chopper 
LAN 


Tl 
TI, IND 

GI, IND 

GI, TI, LAN, IND 
GI, LAN 

*PH orig Reg, CT 
Symmetrical 
Symmetrical 


Tl 
Tl 


meee eco! ! 


tn COWWwW 


*PH orig Reg 

CT, Chopper Pairs, SPR 
Chopper, CT 
Chopper, CT 


~~ 


Wwwntw 


pnp, si 
pnp, SP, si 
pnp,SP,si 
npn, DG, si 
npn,si 


pnp, PE, si 
pnp, AJ,ge 
pnp,AJ,ge 
npn,DPE,si 
npn,DPE,si 


pnp,SP,si 
pnp, SP, si 
pnp, SP, si 
npn,DG,si 
pnp,AJ,ge 


pnp, AJ,ge 
pnp,AJ,ge 
npn, DG, si 
npn,DG,si 
npn,DG,si 


npn,DG,si 
pnp,AJ,ge 
npn,DG,si 
EP si 

pnp, SP, si 


AJ 
pnp,SAT,si 
pnp,SAT,si 
pnp, SP, si 
pnp,SP,si 
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Symmetrical 
Symmetrical 


Veer= 175 
Complementary to 2N2432 
IND 

IND 


DSF rears BC 
SPmwww 
: 


o 


Seownro ores 
ho.ho to ON 


co 


Chopper 
Chopper, CT 
Chopper, CT 


18 Low Rec (SAT) Chopper 
*PH orig Reg, CT 


18 CT, Chopper Pairs, SPR 
Chopper, *PH orig Reg 
Chopper, *PH orig Reg 

- i 5 Chopper, CT 
50 : +} 0.05 18 Chopper, *PH orig Reg, CT 


(see pages 4-9 for explanation of company abbreviations.) 
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Low < Level (continued) 


2N2281 
2N582 
2N317 
2N317A 
2N1384 


2N2350 
2N2351 
2N2352 
2N2353 
2N2678 


2N2164 


2N338A 
2N524A 
2N842 

2N1060 
2N525A 


2N794 
2N843 
2N 1300 
2N1854 
2N1683 


TN-79 
TN-80 
2N526A 
2N795 
2N1301 


$18200 
2N398A 
2N3107 
2N3109 
2N3340 


2N3341 
2N527A 
2N796 
2N1131A 
2N1132A 


80 


pnp, SP, si 
pnp, AJ,ge 
pnp,AJ,ge 
pnp, AJ,ge 
pnp,DR,ge 


npn, PL, si 
npn, PL, si 
npn, PL, si 
npn, PL, si 
npn,DG,si 


npn,PE,si 
pnp, AJ,ge 
pnp, AJ,ge 
pnp, SP,si 
pnp, SP, si 


npn, DG, si 
pnp,AJ,ge 
npn,PE, si 
npn, DM, si, 
pnp,AJ,ge 


pnp,MS, ge 
npn, PE, si 
pnp,MS,ge 
pnp, DM, ge 
pnp, MS, ge 


npn, PE, si 
npn,PE,si 
pnp, AJ,ge 
pnp, MS, ge 
pnp,MS,ge 


npn,DPE,si 
pnp, AJ,ge 
npn,DPE,si 
npn,DPE, si 
npn,PL 


pnp, EP 
pnp, AJ,ge 
pnp,MS,ge 
pnp 

pnp 


pnp 4 
npn, DD,si 
npn,DPE,si 
npn,DPE,si 
npn,PE,si 


pnp 
pnp 
pnp 
pnp 
pnp 


pnp . 
npn, DM, si 
npn, si 
npn,PE,si 
npn,PE,si 


pnp, EM, ge 
n,PL 


npn,DPE,si 
npn,AE, si 
npn, AE, si 
pnp, AE, si 
pnp, AE, si 


pnp, EP, ge 
pnp, EP, ge 
non, DD,si 

pnp, EP, ge 
pnp, EP, ge 


MAX. RATINGS CHARACTERISTICS 


CEO 


CBO 
(Y) 


*250-750 


*15 
25 
*45 
*15 
ab 


_'co 
IcEO 
(uA) 


Coe 
*Cob 
(pF) 


Ve 
(Y) 


Seess s990- 
Sos Ss 


e(sat)| Outline 


SeMVMe, np Wo ww 


Matched 2N2280's, SPR, CT 
GI, TI, RCA, IND 

TI, IND 

TI, IND 


Twin Dual 

IND 

*PH orig Reg, CT 
Chopper, CT 


TR 


NA 


SPR 
SPR, TI 
TI, SPR 


DC/AC Chopper 
DC/AC Chopper 


SPR 
SPR, TI 


GI, Tl, RCA 


MO 
SY, AL, NA 


NA 
CDC, GI, TR, TRWS 
Chopper — Vottset=145 


Chopper — Voffset=350 


Ices =100 

Dual-Emitter Chopper 
Dual-Emitter Chopper 
Dual-Emitter Chopper 


GI, AL, NA 


(see pages 4-9 for explanation of company abbreviations.) 
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Low- Level (continued) 


Ico Coe Package 
*Iceo | *Cob | Yce(sat)| Outline 
(uA) (pF) (VY) | (TO-) 


Type 
No. Type 


2N2800 pnp,AE,si 4 TIcex 
2N2801 pnp,AE,si 4 TIcex 
40366 npn, si 0.5 High-Reliability type 
2N1754 MADT, ge 12 GI, *PH orig. Reg. 
$18100 npn,DPE,si fh 
LL 22 
2N702 npn,si 0. 0.5 TRWS, Gl, NA 
2N703 npn,si 0. 0.5 TRWS, FA, SY, Gl, NA 
2N 1495 pnp, EP, ge 7 0.3 
2N1496 npn, EP, ge 7 0.3 
2N2330 npn, AE, si 0.001 0.001 SPR 
2N2331 npn, AE, si 0001 0.001 
2N3554 npn, EP, si 0.5 0.7 
2N1499 pnp,ge 6 12 
2N1708 npn, PE, si 12 0.22 
2N2205 npn,PE,si ; 0,22 
LL 23 
2N2206 npn, PE, si 0.22 
2N3485 pnp,PE, si 0.4 
2N3485A pnp,PE,si 0.4 
2N3486 pnp,PE,si 0.4 
2N3486A pnp,PE,si 0.4 
2N3644 npn,DPE, si 
283645 pnp,DPE,si 
2N3905 pnp,AE,si 
2N4125 pnp,AE,si 
40218 npn,MS,si 
LL 24 
40222 npn,PE,si *20 (min) 
FK3299 npn,DPE,si 40-120 Hermet package 
MPS706 npn, EP,si *20 
UD-3005 npn, PE,si *100-300 npn Quad 
UD-3006 npn,PE,si pnp Quad 
UD-3007 npn,PE, si Complementary Quad 
2N827 pnp, DM, ge Tl 
2N2048 MADT,ge *PH orig. Reg. 
2N2475 npn,PE, si 
2N2476 npn,PE, si SPR 
LE 2 
2N3015 npn, EP, si *30-120 f i TI, SPR 
2N3250 pnp, DPE, si 150 ; : 
2N3641 npn, PE, si ; - *75 f ) is CDC, IEC, GME 
2N3642 npn, PE, si : c10 ; ; CDC, IEC, GME 
2N3643 npn, PE, si : *220 E : \ CDC, IEC, GME 
2N3903 npn,AE,si *50-150 
2N3906 pnp,AE,si *100-300 
2N3946 npn, AE,si *50-150 
2N4123 npn,AE,si *50-150 
2N4126 pnp, AE, si *1 20-360 
LL 26 
FK3300 npn,DPE,si Hermet package 
FK3502 pnp,DPE,si Hermet package 
FK3503 pnp, DPE, si Hermet package 
FV3503 pnp, DPE, si 
MP$2713 npn,AE,si 
MPS2714 npn,AE,si *75-225 
NS1110 npn,PL,si - Avalanche Transistor 
NS1111 npn,PL,si 7 Avalanche Transistor 
NS1500 npn,PL,si *50-100 
NS1510 npn,PL,si *50-100 
LL 27 
2N784A npn,E0,si *25-150 
npn, EP, si ITT, SPR 
pnp, EM, ge 
npn,PL,EP,si Gl 
2N2381 pnp, EM,ge 
2N2382 pnp, EM,ge l 
2N2717 pnp, AD, ge = 
2N3131 npn, si .025 
2N3251 pnp,DPE,si - 
2N3605 npn,PEP, si 0.5 
LL 28 
2N3606 npn,PEP, si 0.5 : 
2N3607 npn,PEP, si 0.5 ; 
2N3904 npn,AE,si *100-300 | + 
2N3947 npn,AE,si *100-300 | + f 
2N4124 npn, AE, si *120-360 | .05 *4 0.3 92 


(see pages 4-9 for explanation of company abbreviations.) 
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Low- Level (continued) 


Ico | Coe 
*Iceo | *Cob | Yee(sat) | Outline 
(uA) (pF) (V) 

2N4264 npn,AE,si : #40 -160 


2N4265 npn,AE,si ; : +0.1 *4 
40219 npn,PL,si i 025 (max) 6 (max) 
40221 npn,PE,si .025 (max) 6 (max) 
MM709 npn, AE, si .015 a3 


2N2256 npn,ME,si 
2N2257 npn,ME,si 
2N2258 pnp,ME,ge 
2N2259 pnp,ME,ge 
2N834 npn, EM, si 


2N3009 npn, EP, si 4 *30-120 
2N3647 npn,DPE,si 50 25-150 
2N3973 npn,PEP, si 50 A *35-100 
2N3974 npn,PEP,si ‘ *55-200 
2N3975 npn,PEP,si i 35-100 


2N3976 npn,GE, si A 55-200 
40220 npn,PE,si *25 (min) 
MPS834 npn, EP, si : *25 
MPS3646 npn, AE, si A *30-120 
2N706 npn,DD,si J *45 


FA, SY, TR, Gl, NA, ITT, SPR 


S eeseefso ]e! iii 


ow Www. 


nN 
=) 
i) 
~< 

= 


tlees =0.5 
SY, MO, TR, Gl, AMP, ITT, SPR, 
RCA, MO, NUC 


2N706A npn,Si ; FA, SY, TR,,Gl, ITT, GE, MO, 
RA, RCA 


2N706B npn, EP, si 3 FA, SY, Gl, TR, ITT 
2N707 npn,DD,si i f R TRWS, MO, Gl 


2N708 npn, DP, si : é f SY, MO, TR, GI, AMP, ITT, RCA, 
MO, NA, NUC 


o-+Sosco 
sa 
WPROP 


2N742 npn,si Ns A 
2N828 pnp, EM, ge 4 4 ; F SY. RCA, Ti, LAN 
2N2537 npn,AE,si : *50-150 : : SPR, GI, SY, NA 


2N2538 npn,AE,si : *100-300 | . : SPR, GI, SY, NA 
2N2539 npn,AE,si ¥ 50-150 ‘ . SPR, GI, NA 
2N2540 npn,AE, si ‘ F *100-300 |. : SPR, GI, NA 
2N3011 npn, EP, si : *30-120 ; ; 

2N3012 pnp, EP, si : *30-120 ; Tl 


2N3493 npn, EA, si ; *40-120 ; t lcex 
2N3576 pnp, EP, si ; *40-120 ; 

2N372 npn,PE, si k - 

2N3723 npn,PE,si s - 

40217 npn,MS,si *20 (min) 


MPS2894 pnp,EP,si *40-150 
npn,DPE,si : 30-120 
npn,PE,si : *150 
npn,PE,si a *150 
pnp, EM,ge *40 


pnp, EM,ge *40 

pnp,EM,ge 

pnp, EM, ge 

pnp, EM,ge L f $ 

pnp,EP,si A x fices =.01 


pnp, EP, si 
pnp, DM, ge 
npn,PE,si 
npn, PE, si 
pnp, DPE, si 


TI, MO 
TR, AL, MO, SPR 
ICE, GME 

RO110 package 


npn, D,si NA 


Tl 
IEC, GME 
RO110 package 


TR, MO, AL 
TR, AL, SPR 
STC, SPR 
STC, SPR 
STC, SPR 


STC, SPR 

STC, SPR 

STC, SPR 

SY, AL, Tl, TR, VEC 
TI, RCA, AL, TRWS 


S 
Ph 


Www wWwwwobto 
BDOw Baocamn 
Se a > SS 


PAWww MOAMD lan, me angjwea 
6 mie ors arenes 
oe} 


~s 
— 
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Low- Level (continued) 


MAX. — CHARACTERISTICS 


fa le 


V-120 npn,PE, si 
2N918 npn,PE,si 
2N955A npn, DD, ge 
MM2550 pnp, EP,DJ,ge 
MM2552 pnp, EP,DJ,ge 


MM2554 iat DJ,ge 
2N3959 npn,AE,si 
2N3960 npn, AE, si 
2N4260 pnp, AE, si 
2N4261 pnp, AE, si 


npn, EP,PL,si 
pnp,AJ,ge 
pnp,AJ,ge 
npn,si 

npn ,si 


MO, TI, RCA, AL, TRWS, VEC 


Pree so ofl an 
Wt 


>> 
piesSs!| seesses eees: 


GE, TR 
GE, TR 


MO, GI, TI, RCA 
SY, MO, RCA 

MO, GI 

SY, RCA 

SY, MO, AMP, RCA 
SY, MO 


SY, MO 


pnp, AJ,ge 
pnp, AJ, ge 
pnp,ge 
npn,St 
pnp,ge 


FA, SY, MO, TR, Gl, ITT 
AL 


2N797 Tl 

2N849/T1430 TI 

2N850/T1431 TI 

2N851/T1422 TI npn, si 
2N852/T1423 TI npn,si 
2N985 pnp,ge 
2N999 npn,DP,si 
2N1216 pnp,MS,ge 


2N1228 pnp 
2N 1229 pnp 
2N1230 pnp, 
2N1231 pnp 
2N1232 pnp 


2N1233 pnp 
2N1234 pnp 
2N1302 npn,ge 
2N 1303 pnp, ge 
2N1304 npn,ge 


2N1305 pnp,ge 
2N 1306 npn,ge 
2N 1307 pnp,ge 
2N1308 npn,ge 
2N1309 pnp,ge 


2N1404 
2N1404A 
2N1507 
2N1510 
2N1853 


2N1917 
2N1918 
2N1919 


2N1920 


SPR, AMP, CT 
SPR, AMP, CT 
SPR, AMP, CT 
SPR, AMP, CT 
SPR, AMP, CT 


SPR, AMP, CT 
SPR, AMP, CT 
AMP, GE, RCA, NUC 
AMP, GI , RCA, NUC 
AMP, GI, RCA, NUC 


ANP, GI, RCA, NUC 
ANP, GI | RCA, NUC 
AMP, GI; RCA, NUC 
AMP, GI, RCA, NUC 
AMP, GI. RCA, NUC 


ok id el OA Le 
es ROM BRO ROM PO PO 


s —J— i — ar) 
POM MPP BM Roh 


own 


CDC, AL 
Tl 
TRWS, CT, Chopper Fl SPR 


Chopper Pairs, CT, SPR 
TRWS, AMP, CT, Chopper Pairs, 
SPR 


— Fi — eo) 

: wef SP eae 
ooee 
aD 


so 
as ™ 
wo Oma oni oan 


i AMP, CT, Chopper Pairs, 
SPR 


2N1921 i 3 ‘ TRWS, AMP, CT, Chopper Pairs, 
SPR 


2N1922 i 50 - ‘ Z CT, Chopper Pairs, SPR 
2N1994 x 


2N1995 
2N1996 
2N1997 
2N1998 
21999 pnp,ge 


(see pages 4-9 for explanation of company abbreviations.) 
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Low re Level (continued) 


Package 
Vcotcat) Outline 
(VY) 


2N2000 
2N2001 
2N2188 
2N2189 
2N2190 


2N2191 
2N2551 
2N2692 
2N2871 
2N2872 


2N2938 npn,PE, si 
3217 pnp,si 
3218 pnp,si 
3219 pnp,si 
2N4058 pnp,PE,si 


2N 4059 pnp,PE,si 
2N 4060 pnp,PE,si 
2N4061 pnp, PE, si 
2N4062 pnp,PE,si 
2013 - 


Oo 


r1rer wow wwwonn 


Gos aca ee 


t flat pack 


4 Layer Control Device 


pnp,SP,si 


V-120RH npn,PL,si 
npn,PE,si 
npn,PE, si 
npn,PE,si 


(see pages 4-9 for explanation of company abbreviations.) 
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IRC can fill all your MIL and industrial needs 


Now, IRC offers one of the industry’s largest selections 
of MIL and industrial zener diodes. And, with the addi- 
tion of new production facilities, they are immediately 
available from stock to meet all your application, en- 
vironment and price requirements. 


e® 229 MIL devices—power ratings range from 
250mW up to 10 watts 


e All popular industrial-type devices—power ratings 
up to 50 watts 


© The industry’s only 1-watt zener in a DO-7 package 


f 


AXIAL 


® New high-strength Poly-Sil zeners—up to 30% 
smaller and up to 2% times more wattage dissipa- 
tion than glass packages. Over 400 JEDEC types 


® Complete selection of package styles and me- 
chanical configurations 


If you specify or buy zener diodes, you should know 
about the money-saving advantages of IRC’s complete 
zener diode line. Write for new catalog, prices and 
samples to: IRC, Inc., Semiconductor Division 
(formerly North American Electronics), 
71 Linden Street, West Lynn, Massachusetts 01905. 


SPECIAL 


RECTIFIERS 


Complete choice, including 
sub-miniature, fast recovery 


and high-power types. All 
popular configurations. 


May 17, 1966 


LEAD RECTIFIERS 


AR16—AR24 replaces 363 
JEDEC devices for 50 to 
1000 V/.25 to 1A needs. 
Cost less than stud types. 


MIL and industrial devices, 
including fast-switching 
types. Choice of ratings 
and package shapes. 


ON READER-SERVICE CARD CIRCLE 55 


ASSEMBLIES 


Rectifier stacks, potted 


bridges, epoxy resin en- 
capsulations and high volt- 


age assemblies. 


So 


High-Level Switching 


Generally types rated at one watt and above. In 


order of fee or fr. 

No. Type 
DE 
DE 


MAX. RATINGS CHARACTERISTICS 


2N 1518 pnp, AJ,ge 
2N1519 pnp, AJ,ge 

HL 1 2N1520 pnp,AJ,ge 
2N 1521 pnp, AJ,ge 
2N1522 pnp,AJ,ge 
2N 1523 pnp, AJ,ge 
2N2230 npn, AJ, Si 
2N2231 npn,AJ,si 
2N2232 npn, AJ,si 
2N2233 npn, AJ, si 

HL 2 
2N2560 pnp, ge 
2N2564 pnp, ge 
2N2565 pnp, ge 
2N618 pnp,AJ,ge 
2N1907 pnp, ge 
2N1908 pnp,ge 
2N2226 non, AJ, si 
2N2227 npn, AJ, si 
2N2228 npn, AJ, si 
2N2229 npn, AJ, si 

HL 3 : 
2N1809 npn, AJ, si 
2N1810 npn, AJ, si 
2Niél11 npn, AJ, si 
2N1812 npn,AJ,si 
2N1813 npn, AJ, si 
2N 1814 npn,AJ,si 
2N1830 npn,AJ,si 
2N1831 npn,AJ,si 
2N1832 npn,AJ,Si 
2N1833 npn, AJ,si 

HL 4 ; 
2N2109 npn,AJ,si 
2N2110 npn, AJ,Si 
2N2111 npn, AJ,si 
2N2112 npn,AJ,St 
2N2113 npn,AJ,Si 
2N2114 npn,AJ,si 4 
2N2130 npn, AJ,Si 875 
2N2131 npn,AJ,si .875 
2N2132 npn, AJ,si .875 
2N2133 npn,AJ,si 875 

HL 

; 2N2739 npn,AJ,si .4 
2N2740 npn, AJ,si 4 
2N2741 npn,AJ,si 4 
2N2742 npn, AJ, si 4 
2N2757 npn,AJ,si 4 
2N2758 npn,AJ,si 4 
2N2759 npn,AJ,si 4 
2N2760 npn,AJ,si 4 
2N2761 npn,AJ,si 4 
2N1816 npn,AJ,si .63 
i 

nS 2N1817 npn, AJ, Si .63 
2N1818 j npn,AJ,si .63 
2N1819 npn, AJ,si .63 
2N2116 npn,AJ,si .63 
2N2117 npn, AJ, si 63 
2N2118 npn,AJ,si .63 - 
2N2119 npn, AJ,Si .63 ~ 
2N2745 npn,AJ,si .63 ~ 
2N2746 npn,AJ,si .63 - 
2N2747 npn,AJ,si .63 - 

HL 7 
2N2748 WH npn,AJ,Si .63 - 
2N2763 WH npn,AJ,si .63 - 
2N2764 WH npn,AJ,si .63 - 
2N2765 WH npn,AJ,si .63 ~ 
2N2766 WH npn,AJ,si .63 - 


(see pages 4-9 for explanation of company abbreviations.) 
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H igh ™ Level (continued) 


MAX. RATINGS CHARACTERISTICS 


YcEO 
* 
YoBo 
(V) 
npn,AJ,si 
npn, AJ, si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
npn,AJ,si 
npn, AJ,Si 
npn,AJ.si 
npn, AJ, si 


npn,AJ,Si 
npn,AJ,si 


2N2772 npn,AJ,si 
163-04 npn,AJ,si 
163-06 npn,AJ,si 
163-08 npn,AJ,si 
163-10 npn, AJ,si 


npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
npn,AJ,si 
npn, AJ,si 
npn,AJ,Si 
npn,AJ,Si 


npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


npn, si 

npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn, AJ,si 


. 
> 


npn,AJ,si 
npn,AJ,si 
npn,AJ,Si 
npn,AJ,si 
npn,AJ,si 


— ee 
ox 8. BLOD 'e: 64, 4 are 


npn, AJ,Si 


ODMMM™D omwwww rOmMmMD 


npn,FJ,si 


2N1701 npn, si 


153-04 npn, AJ,si 
153-06 npn,AJ,si 


153-08 npn,AJ,si 
153-10 npn, AJ,si 
153-12 npn,AJ,si 
153-14 npn,AJ,si 
153-16 npn,AJ,si 


npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 
npn,AJ,si 


SeLeSeSssS LSSelSeL2ye i Sf 
WOOMD BOM! aD 
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H igh ar Level (continued) 


ae 
*t 
(kHz) 


Type 
No. 


154-10 npn,AJ,si 
154-12 npn,AJ,si 
154-14 npn,AJ,si 
154-16 npn,AJ,si 
154-18 npn, AJ,si 


— 
— 


Se et 
Annnni prs 


HL 15 
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154-24 npn,AJ,si 5 
2N1409 npn,si 5 Gl 
2N1410 npn, si 5 Gl 
2N1768 npn, si STC 
2N1769 npn, si STC 


2N3850 npn, TDP 
npn, TDP 
npn, si 
npn, Si 
npn, si 


HL 16 


npn, si 
npn, si 
npn, si 
npn, Si 
npn, si 


2N2317 


npn, EA, si *40-200 
2N3507 npn,EA,si *30-150 
2N2270 npn, si *50-200 
2N3468 pnp, EA,si 
2N3495 pnp.EA,si 


HL 17 


2N3497 pnp, EA, Si 
2N3498 npn,EA,si 
2N3499 npn, EA, si 
2N3500 npn,EA,si 
2N3501 npn,EA,si 


pnp, EA, si ; 0.00010 
pnp, EA, si k 0.00010 
npn, AE, si 0. 0005 
npn,AE, si 0.0005 
pnp, EA,si *40-120 


2N3634 
2N3636 
2N3253 
2N3444 
2N3467 


HL 18 


2N456B pnp,ge *40 - DE, KSC, ITT 
2N457B. pnp, ge *40 - DE, KSC, ITT 
2N458B pnp,ge *40 - |, DE 
2N1666 pnp,PADT,ge *55 - 

2N1667 pnp,PADT,ge 140 - 


NoIOmD OOm™nay ~ 


2N 1668 pnp,PADT,ge 7 
2N1669 pnp,PADT,ge % 
2N2397 npn,PE,si 00 0.3 
2N3252 npn, AE, si - 0.5 
2N3426 npn, PE, si 1.0 0.18 
HL 19 
2N3429 npn,AJ,si 7.5 0.9 
2N3430 npn,AJ,si 75 0.9 
2N3431 npn,AJ,si 7.5 0.9 
2N3432 npn, AJ,si 7.5 0.9 
2N3433 npn,AJ,si 75 0.9 
2N3434 npn,AJ,si 150 7.5 *10 0.9 - 
2N3485 pnp, AE, si 2 0.6 *40-120 0.4 46 Tl 
2N3485A pnp, AE. si 2 0.6 *40-120 0.4 46 Tl 
2N3486 pnp, AE, si 2 0.6 *100-300 0.4 46 Tl 
HL 20 
2N3486A pnp, AE, si 2 0.6 *100-300 0.00001 0.4 46 Tl 
2N3494 pnp, EA, si 3 100 *40 0.0001 0.3 5 
2N3496 pnp, EA, si 1.8 100 *40 0.0001 0.3 18 
2N3635 pnp, EA, si 5 1 *100-300 0.00010 0.5 5 
2N3637 pnp, EA, si 5 1 *100-300 0.00010 0.5 5 
npn,EA,si 3 . 02 30 0.8 20-160 0. 00001 0. 5 GI, SY, SPR, TR, AMP, 
TRWS, AL 
npn,AE, si 3 .02 30 0.8 *40- 120 0.00001 - 5 GI, SY, SPR, TR, AMP, 
TRWS, AL 
npn, AE, si 3 .02 30 0.8 100-300 0.00001 0.4 5 GI, SY, SPR, TR, AMP 
L 
set npn, AE, si 02 30 0.8 100-300 0.00001 0.4 5 yee aha end 
npn,AE, si .012 30 0.8 20-60 0. 00001 0.4 18 a SPR, TR, AMP, 
npn, AE, si 012 30 0.8 40-120 0. 00001 0.4 18 ne SPR, TR, AMP, 


(see pages 4-9 for explanation of company abbreviations.) 
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H igh cn Level (continued) 


2N2222 


2N3250A 
2N3734 
2N3504 
2N3735 


2N3736 
2N3737 
2N914/46 
2N2481 


2N3251A 
2N3647 
2N3510 
2N3714 
2N351i 


2N3648 
2N3227 
2N3055 
2N3470 
2N3471 


2N3472 
2N3473 
2N3474 
2N3475 
2N3476 


2N3477 
2N3508 
2N3509 
2N3013 
2N3014 


2N3424 
2N3546 
2N3054 
156-04 
156-06 


156-08 
156-10 
0C80 
0C22 
0C23 


0C24 
2N551 
2N552 
2N1055 
2N1212 


2N1620 
2N545 
2N546 
2N547 
2N548 


npn,AE,si 


pnp,AE,si 

npn, AE, si 
pnp, PE, si 
npn, AE, si 


npn, AE, si 
npn,AE, si 
npn,PL,EP, si 
npn,AE,si 


pnp, AE, si 
pnp, EA, si 
npn, EA, si 
npn, si 

npn, EA, si 


npn, EA, si 
npn, AE,si 
npn,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
npn, AJ,si 
npn, AJ,si 
npn,AJ,si 
npn,AJ,si 


npn,AJ,si 
npn,EA,si 
npn,EA,si 
npn,PE,si 
npn,PE,si 


npn, PE, si 
pnp,EA,si 
npn, si 
npn, DJ,si 
npn, DJ,Si 


npn, DJ,si 
npn,DJ,si 
pnp,PADT,ge 
pnp,PADT,ge 
pnp,PADT,ge 


pnp,PADT,ge 
npn, PL, si 
npn,PL,si 
npn,PL,si 
npn,PL,si 


npn, PL,si 
npn,PL,si 
npn,PL,si 
pnp,PL,si 
npn,PL,si 


2N549 
2N550 
2N1117 
2N3713 
2N3715 


2N3716 
2N3740 
2N3741 
2N1116 
2N3738 


2N3739 
2N3766 
2N3767 
2N1983 
2N1984 


2N1985 
2N698 


2N2852 
2N2856 


npn, PL,si 
npn,PL,si 
npn,PL,si 
npn,si 
npn, si 


npn,si 
pnp,si 
pnp, si 
npn,PL,si 
npn,si 


npn,si 
npn,si 
npn,si 
npn,DD,si 
npn,DD,si 


npn, DP, si 
npn, DP, si 


npn,PE,si 
npn,PE,si 


*30000 
*40000 


*40000 
*40000 


MAX. RATINGS CHARACTERISTICS 


CEO 
Yoso 
(V) 


——-Sco00 coco | ¢ 
we 


Crmarmrys™ 


ae Sees aoe ee 
oOo Pree coocmc 


~~ 
- co o 


100-300 
*50-150 


*30-120 
*20-80 
*30-120 
*40-120 


*100-300 
*25-150 
*25-150 
*25-90 
*30-120 


*30-120 
*100-300 


*20-200 
*30-120 
*25-100 
715 
“15 


*15 
m5 
180 
*200 
*200 


*20-80 
*20-80 
*40-150 
*25-90 
*50-150 


*50-150 
*30-100 
*30-100 
*40-150 

*40-200 


*40 - 200 
*40-160 
*40-160 
100 

80 


60 
*40 


*45 
45 


TRWS, GI, SPR, TR, 


’ 


ticex 


of 
w™ 


Bho ™ Po P&S mst 
on 


Tl 


es 


- 
=r 
a 


BO BOP BO BO PO PPS MMR eS >_> oO 


Pann 


1eoon NNYNND NYPKSsolS LSesolfo 
— 


CDC, STC, SSP 
CDC, STC 


CDC, STC, SSP, TI 


CDC, STC, SSP, TI 
CDC, STC, TI 
STC, CDC, SSP, TI 


——a | | 


STC, CDC, SSP, TI 


TRWS, CDC, AMP, AL 
TRWS, CDC, AMP, AL 


TRWS, CDC, AMP, AL 
TRWS, TR, Gl, 

AMP, CDC 

Tl 

Tl 


LS (Pes Pye Pl Ss 


behind 
MPM 
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H igh * Level (continued ) 


2N1899 npn,PL,si 
2N1901 npn,PL,si 
2N1902 npn,PL,si 


MAX. RATINGS CHARACTERISTICS 
2N 1904 npn,PL,si 


* YcEO 
j Vv 
- " CBO 
(C) Wie" (VY) 
2N1978 npn, DP, si 


2N1986 npn,DD,si iY h “ TRWS, CDC, GI 
AMP, AL 
2N1987 npn, DD,si \ ; ; TRWS, CDC, Gl, 
AMP, AL 
2N1988 npn,DD,si ; ; : TRWS, CBC, GI, AL 


2N1989 npn,DD,si fi J ; TRWS, CDC, Gl, AL 

2N1991 pnp, DD, si P - H ; TRWS, KSC, TR, MO 

2N3076 npn,PL,si a Single Ended 
*MT-38 Case 

2N717 npn, DD,si é f : : TRWS, CDC, TR, Gl 
AMP, NA 


2N719 npn,DD,si ; : 3 TRWS, CDC, TR, GI 

2N719A npn, DP, si : : .000005 H TRWS, CDC, AMP, 
AL, GI, TR 

2N720A npn, DP, si : 4 -000005 TRWS, CDC, Gl, 
AMP, AL, NA, TR, RCA 


2N721 pnp, DD,si F K i : KSC, TR 

2N909 npn,DD,si ( A X TRWS, AMP 
2N912 npn, DP, si : : b TRWS, AMP, AL 
2N978 pnp,DD,si r f TR 

2N2850 npn,PE,si 


2N2851 npn,PE,si 

2N2853 npn,PE,si 

2N2855 npn,PE,si z A t 

2N1972 npn,DD,si A & AMP, TR, TRWS 
2N1975 npn, DP, si E i be TRWS, CDC, AMP, 


2N3117 npn, DP, si 

2N3719 pnp, AE, si 

2N3720 pnp,AE, si 

2N3879 npn, si R , 

2N911 npn, DP, si *70000 P : i TRWS, AMP, AL 


2N1131 ens,CD,si i i : KSC, TR. MO 

2N1974 npn, DP, si : ‘ ‘ TRWS, CDC, AMP 

2N696 npn, DD,si u : TRWS, TR, GI, AMP 
CDC, NA 

2N699 npn, DD, si , ; TRWS, SY, TR, CDC 
AMP, NA, RCA 


2N718 npn ,DD,si : : f ; TRWS, CDC, SY, TR 
Gl, AMP, AL, NA, MO 
2N718A npn, DP, si : ; ; . CDC, MO, TR, GI, AMP, 
: AL, NA, RCA, MO, 
TRWS 


2N720 npn, DD,si ‘ 4 ‘ s TRWS, CDC, TR, Gl 
AMP, AL, NA 

2N870 npn,DP,si : A i i! GI, AMP, AL 

2N910 npn, DP, si : i -0. TRWS, AMP, AL 

2N1252 npn, DD,si 


2N1613 npn, DP, si 


2N1973 npn, DP, si 
2N2849 npn,PE,si 
2N2854 npn,PE,si 


2N3919 npn,DPE,si 
2N3920 npn,DPE,si 
2N3108 npn,DP,si 
2N3110 npn , DP, si 
2N722 pnp, DD,si 


TRWS, CDC; MO. TR, 
AMP, RCA 
TRWS, CDC, AMP, 


KSC, MO, TR 


2N1132 pnp, DD,si ; : j J KSC, TR, MO 
2N 1838 npn,PL,si CDC 


oO Iww ono uo wo 


2N1839 npn,PL,si : : #12. : : coc 
2N 1840 npn,PL,si x ; 4 CDC 
2N871 npn, DP. si ; ; CDC, GI, AMP, AL 


2N1420 npn,DD,si *100000 A 7 : TRWS, CDC, MO, TR 
Gl, NA, AMP 
2N1711 npn, DP, si *100000 ; 4 F TRWS, CDC, MO, 
3 AMP, Gl, AL, TR, NA 
RCA 


(see pages 4-9 for explanation of company abbreviations.) 
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H igh = Level (continued) 


MAX. RATINGS CHARACTERISTICS 
T. : 
Type eH | 
No. Type (C) 
80 000 
40 


2N1893A npn,PL,si *40-120 Gl, TR, NA 

2N3053 npn, si #5 0-250 

2N1253 npn, DD,si *45 AL, NA 

2N219A npn,PE, si *1 00-300 pe CDC, FA, MO, 


HL 36 


HL 37 


HL 38 


2N2193A 
2N2194A 


2N2195A 
2N2243A 


*40-120 
*20-60 


*20 


npn,PE,si 
npon,PE,si 


CDC, Gl, NA, MO, AL 
CDC, GLNA. FA 


MO, AL 
COC, Gi, MO, AL 
GI, NA 


npn,PE,si 
npn,PE,si 


2N2350A npn,PE,si 
2N2351A npn,PE,si 
2N2352A npn,PE,si 
2N2353A npn,PE,si 
2N2364A npn,PE,si 


2N1837 npn,PL,si *40-120 
2N3763 pnp, AE, si *20-80 
2N3765 pnp, AE,si *20-80 
2N3762 pnp, AE, si *30-120 
2N3764 pnp, AE, si *30-120 


BF140 npn, si *40 
BF155 npn,si ( *40 
2N947 npn, DP, si 2 a *40 
2N3502 pnp, PE, si i R P *70 
2N3503 pnp, PE, si F 3 i; *70 


2N3505 pnp, PE, si fs ‘ E k *70 
2N915 npn,DP,si m R *100 


BSY18 npn, EP, PL, si A i ; *40,..120 
BSY63 npn, EP,PL,si : : I 30...120 


Tl 


0.05 
0. 00000007 Tl 


| 
0. 00000007 
-0005 


Tl 
TRWS, AMP, NA, MOQ, 
AL 


2N3512 npn, EP, si 
2N708 npn, DP, si ne SY, TR, Gl, AMP 
RCA, MO, FA, NA 
2N916 npn, DP, si 2 -0005 TRWS, AMP, NA, MO 
2N3299 npn, PE, si 0 0, 0000002 
HL 39 } ! 
2N3300 npn, PE, si 0 - 0..0000002 
2N3301 npn, PE, si 8 - i 
2N3302 npn, PE, si 8 - 
BSY34 npn, EP,PL,si 6 0.6 
BSY58 npn,EP,PL, si .6 0.6 
2N2368 npn,PE,si 2 0.5 TR, AL, SPR 
2N3209 npn,PE,si 2 0.0 
2N2455 npn, EP,ge 50 200 
2N3423 npn, PE, si <2 . 05) 
2N2369 npn,PE, si ( ae 0.5 AL, NUC, SPR 
HL 40 
2N3303 npn,PE, si *650000 1.0 MO 
2N917 npn,DP,si *800000 - AL, TI, RCA, TRWS 
2N418 pnp, ge 5 KSC, ITT 
2N420 pnp, ge 5 ITT 
2N420A pnp, ge 5 ITT 
2N424A npn 3 STC, TR, BE 
2N637 pnp, ge 5 KSC 
2N637A pnp, ge 5 KSC 
2N637B pnp,ge 5 KSC 
2N638 - - KSC 
HL 41 
2N638A - -~ KSC 
2N638B - ~ 
2N656 npn,si - TRWS, FA, TR, AMP, 
2N657 npn,si - TRWS, FA, TR, AMP, 
CDC, STC, SSP 
2N730 npn,si 3.3 L§ 18 TR 
2N731 npn, si 3.3 1.5 18 TR 
2N1011 pnp,ge 0.5 15 3 MO, ITT 
2N1038 pnp,ge 0.267 0.25 ~ SY 
2N 1039 pnp,ge 0.267 0.25 - SY 
HL 42 
2N1040 pnp,ge 0.267 0.25 - SY 
2N1041 pnp, ge 0.267 0.25 - SY 
2N1046 pnp, ge 0. 0.4 3 
2N1046A pnp,ge 1, 0.4 3 
2N1046B pnp,ge 1, 0.9 3 


(see pages 4-9 for explanation of company abbreviations.) 
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H igh ie Level (continued) 


2N1209 


2N 1238 
2N1239 
2N1240 
2N1241 
2N 1242 


2N1243 
2N1244 
2N1990 


2N2285 


2N2286 
2N2287 
2N2288 
2N2289 
2N2290 


2N2291 
2N2292 
2N2293 
2N2294 
2N2295 


2N2296 
2N2359 
2N2358 
2N2357 
2N2389 
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2N2390 
2N2394 
2N2395 
2N2410 
2N2411 


2N2526 


MAX. RATINGS CHARACTERISTICS 


Vee(sat) Outline 
(VY) - 


npn,PL,Si 


pnp 
pnp 
pnp 
pnp 
pnp 


pnp 


pnp 

npn,DD,si - H : TRWS, CDC, Gl, 
AMP, AL, NUC 

pnp,ge . *35-140 


pnp, ge : *35-140 
pnp,ge : oe 
pnp,ge . 

pnp,ge b *20-60 
pnp, ge : *20-60 


pnp,ge 
pnp, ge 
npn, ge 
pnp, ge 
pnp, ge 


pnp, ge 
pnp, ge 
pnp, ge 
pnp, ge 
npn,si 


Ra Bots At: 


npn, Si 

pnp, si 

npn, si 

npn,si 

pnp, Si 

pnp, AD, ge 
pnp, AD, ge 
pnp, AD,ge 
pnp,PADT,ge 


(see pages 4-9 for explanation of company abbreviations.) 
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CRYSTAL SUPPORTS: 


When you stop to realize that the crystal 
support is a required part of any semi- 
conductor, you'll realize that it’s more than 
coincidence that the leading semi-conductor 
manufacturers specify Stackpole crystal sup- 
ports rather than manufacturing their own. 

You see, they know that a compatible co- 
efficient of thermal expansion just isn’t 
enough. They also need Stackpole’s unique 
combination of good electrical conductivity, 


FRONT AND CENTER 


excellent thermal conductivity, and a surface 
finish which assures wetability. And they de- 
pend on the flat surfaces which Stackpole 
features to give them maximum contact and 
conductivity between the base and crystal. 

Get on this bandwagon... let Stackpole 
supply your guest conductors, too. Phone, 
wire or write Stackpole Carbon Company, 
Carbon Division, St. Marys, Pa. 


+ STACKPOLE 
CARBON DIVISION 
“OUR 60th YEAR” 


ON READER-SERVICE CARD CIRCLE 25 
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How, why and where to use FETs can be 
determined by referring to their parameters. Here’s a detailed look 
at the meaning of these characteristics and how to apply them. 


What’s so special about field-effects? How alike 
are the junction-FET and the metal-oxide semi- 
conductor (MOS)? Where are they to be pre- 
ferred over bipolar transistors? Which of their 
parameters indicate their suitability for specific 
applications? 

In response to these questions, we have prepared 
a detailed examination which shows how to choose 
between different units in the FET family. It also 
offers guide lines for making the most effective use 
of field-effect devices in circuit design. It takes a 
long look at FET specifications, shows how and 
why they are measured and where each one is of 
prime importance. And finally, it explains the 
meaning of each parameter. 

This parameter-oriented analysis of field-effects 
clarifies: 

= What’s unique about them and how they 
work; 

= How to interpret and use the parameter spec- 
ifications; 

= Which parameters govern their small-signal 
behavior; and 

= The difference in characteristics and applica- 
tions of junction-FETs and MOSs. 


The basic properties of FETs 


The field-effect transistor (FET) has a number 
of important attributes that set it apart from other 
active semiconductor devices: extremely: high in- 
put resistance, nearly constant current-output 
characteristics, an almost completely unilateral 
gain function, a controllable temperature coeffi- 
cient, and voltage-controlled resistance when op- 
erated at low drain-source voltages. 

Many users think of the highly popular FET as 
a near-universal replacement for the vacuum tube. 
And indeed, its qualities are such that it does 
possess the de characteristics of the pentode vac- 
uum tube (Fig. la). Present limitations, however, 
generally restrict FET use to circuits operating 
below 500 MHz and at power levels less than a 
few hundred milliwatts. 

The FET is simplicity itself, consisting only of 
a conducting channel flanked by a pair of control 
electrodes (Fig. 1b). Source and drain connections 
are made to either end of the channel, and a gate 


James S. Sherwin, Senior Applications Engineer, Siliconix 
Inc., Sunnyvale, Calif. 
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connection is made to the control electrodes. The 
primary gate electrode may be a pn junction (junc- 
tion-FET) or an insulated metal electrode -(MOS- 
FET). The secondary gate electrode is a pn junc- 
tion in any case. A voltage applied between gate 
and source (or gate and drain) modulates the cross- 
sectional area of the channel, thus controlling 
channel resistance.'? 


Very high power gain is a FET feature 


The input resistance is that of a reverse-biased 
silicon pn junction (SiO, insulated-metal elec- 
trode in MOS devices), and is measured in gi- 
gaohms (>10'? ohms for MOS) at de. The FET 
is a voltage- or field-controlled device exhibiting 
very high power gain at low frequencies. Because 
neither load nor signal current crosses the gate- 
channel junction, there is almost perfect input- 
output isolation and unilateral gain. 


The closer you pare the differing FET properties, the more 
apparent becomes their suitability for various applica- 
tions. Author Sherwin measures FET parameters on a 
MONITOR automatic FET/transistor test set. 
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Test condi- 
tions (must 
Parameter 


BVess le 
Vos =I) 


be specified) Mean of specification 


Breakdown voltage from gate 
to channel. Drain and source 
are shorted, and a reverse 
bias is placed across the 
gate-channel junction. This is 
shown as_ the breakdown 
point where Ves ~ 

BVass. (Fig. 3) 


Identical to BVess. 


Breakdown voltage from gate 
to drain with source open. 
Under these conditions Ves 
-~~Vesorm due to self-biasing 
required to prevent current 
flow from drain to source. 


Breakdown voltage from gate 
to source with drain open. 
Ven a Vapor. 


Breakdown from drain to 
source with Ves=0. This is 
normally specified for Type-C 
MOS devices. It represents 
breakdown from drain to sub- 
strate. 


Breakdown from drain to 
source with Ves ~ O. Nor- 
mally specified only for Type- 
B MOS devices when Ves > 
Vesorr. It represents break- 
down from drain to sub- 
strate. 


Ty 


—— 


TE a | 
ee Re a | 


1. FET output characteristics resemble those of the 
pentode (a). Construction (b) shows how voltage applied 
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Parameter 


less 


Test condi 


tions (must 
be specified) Meaning of specification 


Ves 
Vos=0 


Vse 
b = 0 


Vos or Voe 
Ves 


GATE (G) 


Gate-channel leakage with 
vs = OQ. This represents 
total gate leakage current at 
a point below’ breakdown 
voltage (Fig. 3) Specified at 
14 to 1 times the minimum 
specified BVass. When speci- 
fied at min BVass, less may 
replace the BVess_ specifica- 
tion in that less is <l«e in the 
BVess specification. 


Drain-to-gate leakage current 
with source open. As Vis ~ 
Vesorm for reasons indicated 
under BVpeo, las —4 O. Then 
—Inco = lev [at specified 
Voe] + les [at Ves ~ Vescorm]. 
See Fig. 4 for a comparison 
of less, Inco, Isco, and Iporm. 
Inco is representative of lc un- 
der worst probable operating 
conditions when Ves = 
Vasorry and Vre=maximum 
allowable. 


Source-to-gate leakage cur- 
rent with drain open. Note 
that —Isco = les at [Voc] a 
len at [Van 4 Verorm]. 


Gate leakage current under 
certain operating conditions. 
lc is usually somewhat lower 
than Inco since Inco is the 
limiting case of lc. 


DRAIN (D) 


SOURCE (S) 


LY 


os 


between the gate and source terminals modulates channel 


resistance. 
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TABLE 1 FET Specification Parameters 


Test condi- 
tions (must 
Parameter be specified) Meaning of specification 


Drain saturation current, the 
value of lb measured above 
the knee of the Vps-Ip charac- 
teristic curve, where Vos > 
Ve (Fig. 1). loss is actually 
defined as Ip at the Vos re- 
quired for channel pinch-off 
when the two gate-channel- 
junction depletion regions 
meet near the drain.® Ves 
must be zero. At this point 
In is self-limiting, and any 
increase in Vos causes only 
slight increase in I».7 In 
Type-C MOS devices, l»ss is 
essentially the drain-sub- 
strate leakage plus any resi- 
dual drain-source channel 
current. 


lncom Drain current under specified 
bias conditions. Specified for 
Type-B and Type-C MOS de- 
vices as a max intended op- 
erating drain current when 
Ves is biased for max chan- 
nel conduction. 


Drain-source current under 
certain specified operating 
conditions. 

Same as lp but a particular 
set of operating conditions is 
implied. 


Same as lpx but often used 
to denote drain current for 
zero temperature-coefficient 
operation. 


lncorm Drain-gate leakage current 
with Vas Vesorm. This 
represents the drain current 
observed in an analog-gate 
circuit which has been bi- 
ased to the OFF state. lnorm 
is slightly lower than lpco 
(Fig. 7a). 


Gate cut-off voltage. Gate- 
source voltage required to 
cut-off channel current (Fig. 
5b). 


Pinch-off voltage, inter- 
changeable with Veswrr. 


loss Vos 


Ves = O 


Ves (OFF) 


The output resistance is that of a current- 
limited device when operating with drain-gate 
voltages of more than a few volts, as shown by the 
flat section of the output-characteristic curves in 
Fig. la. Magnitude of output conductance ranges 
from 1 to 100 umhos, depending on device geome- 
try. When operating at very low values of drain- 
source voltage, the FET behaves as a voltage-con- 
trolled resistor. The output-characteristic curves 
drawn in Fig. 2a for a low value of applied Vos 
retain the same slope crossing through the origin. 
Thus, ras exhibits a bidirectional characteristic for 
low Vopg values of either polarity.® 

The temperature dependence of drain current is 
the combined effect of a negative temperature 
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Test condi- 
tions (must 
Parameter be specified) Meaning of specification 


Vin, Veisorm Vos 
| 


Gate 1 cut-off voltage for 
D tetrodes. 
Vees = 0 


Vr, Vezscorm Vos Gate 2 cut-off voltage for 
Ip tetrodes. 
Vas 


Vescen Vs Gate-threshold voltage. Gate- 
Ip source voltage required to 
initiate channel conduction in 
eek MOS devices (Fig. 
5b). 


Gate-to-gate reach-through 
voltage. Found in tetrodes 
only. This is the point at 
which gate current flows 
from gate to gate. Measured 
with Vexs = 0, hence the sub- 
script GS(r-t) rather than 
G1G2(r-t). 

Vos Gate-source voltage at any 

Ip given operating point. 


Vos Or Voce Same as Ves but a particular 
Ip set of operating conditions is 
implied. 


Vos or Voc Same as Vesx but often used 

Fy to denote Ves for zero tem- 
perature coefficient opera- 
tion. 


Magnitude of gate-to-gate dif- 


ferential offset voltage in dif- 
ferential (matched) pairs. 


Vesc- t) 


|Vasi-Vesa| Voc 
ls or Ip 


A|Vser-Ves2| Voce 
ls or Ip 


A|Vesi-Vese| Tar & Tar Incremental change in |Ves:- 
AT Vas:| expressed in wV/ °C. 


Change in |Ves:-Veso| over 
given temperature range. 


Match in Ipss of differential 
pairs, expressed as a frac- 
tion. 


loss: Vos 


lpsse Ves = O 


Vos & Ves 
Voc or & Ip 


Magnitude of match in le for 
differential pairs. Usually 
specified at an elevated tem- 
perature near 100°C. 


|les-Iee| 


rps on) Static drain-source _ resist- 
ance when biased to full ON 
condition (maximum  oper- 
ating Ip). 


coefficient due to the majority carrier mobility and 
a positive temperature coefficient due to the change 
in gate-channel depletion-layer potential. (As the 
depletion region narrows with increasing tempera- 
ture, thus increasing the channel cross-section, a 
positive temperature coefficient of drain current 
results). The two temperature-dependent effects 
tend to cancel and, at a specific value of I, or 
Ves, a zero temperature coefficient exists. The ef- 
fect is shown on the transfer curves of Fig. 2b.‘ 


Breaking the specification dilemma 


Despite wide use of field-effect units, a number 
of their parameter specifications are still not 
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2. A voltage-controlled-resistance property exists in FETs; 
it is bidirectional and is limited to the low-level region of 
Vp (a). A zero temperature coefficient, exhibited by most 
FETs, can be seen on the transfer curve (point 0 on b). 


clearly understood. FET data sheet specifications 
may also seem confusing to some who have 
worked only with bipolar transistors. Since a 
proper grasp of the parameters is essential, those 
likely to be encountered will be explained. Table 1 
contains both the definitions and the necessary 
test conditions. 

Some of the parameters are self-explanatory ; 
others become clearer if a schematic or character- 
istic curve is provided (see Figs. 3-6. Note that 
leakage effects are included.*’). The small-signal 
characteristics of FETs and MOSs involve admit- 
tance, transconductance, capacitance and resist- 
ance terms (Table 2). FET operation here is 
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typified by biasing so that the largest ac signal to 
be amplified is small in comparison to the dc bias 
current and voltage. Equally interesting are the 
response times and equivalent-noise parameters, 
the most important of which are presented in 
Table 3. 


The distinction between FET and MOS 


The MOS or insulated-gate FET differs from 
the junction-FET in that the primary gate of the 
MOS is a metal electrode electrically isolated from 
the channel by an oxide.* This gives it its name, 
metal-oxide-semiconductor (MOS) or insulated- 
gate field-effect transistor (IGFET). The general- 
ized structure of the MOS is shown in Fig. 7. 

A p-type substrate is used for an n-channel 
MOS. Into the substrate are diffused two separate 
N+ regions: these become the source and drain 
connections. Next, an oxide layer is grown over 
the entire surface. Holes are then etched through 
the oxide layer over the N+ regions. Finally, a 
metal pattern is deposited on the surface allowing 
metal contact through to the source: and drain 
connections. The metal region over the oxide 
spanning the two N+ regions is the gate elec- 
trode. There is no conducting channel from source 
to drain. : 

This process produces a normally-OFF or 
enhancement-mode MOS, which will not conduct 
until a positive control signal is applied to the 
gate. Fig. 8 shows the effect of a positive gate 
potential applied with respect to the channel. 
Owing to the electrostatic field created, a redistri- 
bution of the minority carriers in the p-type. 
substrate occurs. 

This results in the formation of an n-type resis- 
tive channel between source and drain. As the gate 
potential is increased, the channel carrier concen- 
tration and induced-channel depth increase to form 
a lower resistance channel. Thus, the electric field 
at the gate creates and controls the resistance of 
a conducting channel between source and drain. 
This device is now being described on data sheets 
as a Type-C Field-Effect Transistor, an enhance- 
ment-type device, according to EIA JEDEC type 
registration procedures. It may be conveniently 
described as a normally-OFF device. 

A second type of MOS is the normally-ON or 
depletion-mode MOS (Fig. 9). This is similar to 
the device in Fig. 7 except that a conducting 
channel exists from source to drain in the absence 
of a gate voltage. A negative gate voltage depletes 
the channel of carriers, and a positive gate voltage 
enhances the channel or increases the number of 
carriers. This device may therefore operate in 
either the depletion or enhancement mode. Data 
sheets refer to this device as a Type-B, a depletion 
unit intended for both enhancement-mode and 
depletion-mode operation. 

The junction field-effect transistor (JFET or 
just plain FET) is referred to as Type-A, a deple- 
tion-type device only for depletion-mode opera- 
tion. Operation of the three devices is made appar- 
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Table 2. Small Signal Characteristics of FETS 


Test Condi- 
tions (must 
Parameter be specified) Meaning of specification 


Yascon) Vas Drain-to-source resistance 
Vos = O or Is when biased to full ON con- 
frequency dition (max operating Ip). 

lyts| Magnitude of common-source 

forward transfer admittance. 
Sometimes the magnitude 
signs are omitted. Measured 
at Ves = O, unless otherwise 
specified. 


Magnitude of common-source 
forward transfer conduc- 
tance. Sometimes the magni- 
tude signs are omitted. This 
is perhaps a more informa- 
tive term than yrs. At 1kHz, 
Yrs ~~ ts. However, at high 
frequencies yrs includes the 
effect of gate-drain capacity, 
hence may be misleadingly 
high. The term grs should 
be used for all high-frequen- 
cy measurements. 


Same as grs but a particular 
set of operating conditions 
is implied. 

Match in grs for differential 
pairs. Expressed as a frac- 
tion. 


Match in grsx for differential 
pairs. 

Same as grsx but often used 
to denote gr; when biased 
for zero temperature coef- 
ficient operation. 


Mutual conductance. Some- 
times used in lieu of grs. 


Same as gm, but specifically 
at Ves=0. 


Common-source input admit- 
tance with output shorted. 
Important for high-frequency 
operation. 


Common-source input con- 
Vos ductance with output short- 
Ves ed. This must be specified 
Vas =O for high-frequency applica- 
frequency : 


Vos & Vas 
or 
Voe & Ip 


frequency 


tions aS giss<1/a. 


Real part of yiss. Identically 
equal to giss. Sometimes 
used instead of giss. 


ent by the Type-A, -B, and -C gate-to-drain trans- 
fer characteristics (see Fig. 5b). 


Gate control separates MOS from FET 


Construction differences between the MOS and 
FET result in some fairly significant differences 
in electrical characteristics, including bidirectional 
gate control, gate current, breakdown paths, de 
stability and noise. Bidirectional gate control, al- 
ready described, is graphed in Fig. 5b. 

While FET gate input resistance decreases 
sharply when forward-biased more than a few 
tenths of a volt, the MOS gate may be biased to 
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Parameter 
Gis 
oss 


RE|yYoes| 


Zos 
Im|Yoss| 


_ Test Condi- 


tions (must 
be specified) 


Vos & Ves 
Voe & Ip 
Ves ee @) 
frequency 


Meaning of specification 
Same aS iss. 
Common-source output con- 
ductance with input shorted. 


Real part of yoss. Identically 
equal to goss. Sometimes 
used instead of oss. 
Same aS Qoss. 


Imaginary part of yoss. Out- 
put susceptance boss. Identi- 


cally equal to 1/ Coss. Some- 
times used in lieu of Coss. 


Common-source input capac- 
Vos itance, output shorted. Ciss 
Ves =Cag+-Crs. (Fig. 6). 


Vas =O : i 
frequency Same as Cics if Vas=O. 
Same as Cas: 


Reverse transfer capaci- 
tance, input shorted. 


Same as Crss. 


Same as C:ss, actual value 


frequency 
of drain-gate capacitance. 


Actual value of gate-capaci- 
tance. 

Actual value of drain-source 
capacitance, essentially 
header capacitance. 


Values in 
equivalent 
circuit not 
measurable 
directly. 


Common-source output Ca- 

pacitance, input shorted. Coss 
Vos =Crss+Cas. However, Cas is 
Vas essentially header capaci- 
Ves =O tance. 


frequency Same as Gore if Ves 0)s 
Same as Coss: 


Vos Source-to-gate capacitance, 
Vas gate and drain shorted. Css 
Vag =O =Czs-+Cas. 

frequency 


Voe Drain-to-gate capacitance 
Ves orls=O with source open. Cago=Crss 


is=O Cas Cas 
frequency + ‘Cree Cus: >Crss, Cut <Caes. 


Ves Source-to-g ate capacitance 
Vos Orl>=O with drain open. Csgo=Cys 
ia=O Cag Ca 


frequency + y iraee RG SCn, but <Cin. 


either polarity. As a result, MOS drain current is 
limited by dissipation and breakdown characteris- 
tics rather than by input-resistance considera- 
tions. The ON resistance of the depletion-type 
MOS may then be considerably decreased below 
that of the zero-bias state. Characterization of the 
MOS will include 74s;o,) in an enhanced state at 
a given Vgs, where Ip;ox) is also specified. 

The Type-C enhancement-mode MOS is unique 
in the FET family because it is normally in an 
OFF state. Ings is a very low value, similar to 
Invorr) Of Types A and B. A new term for Type-C 
devices only, gate-source threshold voltage Ves;tn), 
describes the gate voltage at which drain current 
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Table 3. FET Performance Parameters 


Test condi- 
tions (must 
Parameter be specified) Mean of specification 


taetaycom Vop Delay time before turn on 
Incon when pulsed from OFF to 
Vaso ON condition. 


Vesorm Fall time when pulsed from 
Test circuit OFF to ON condition. . 


Pulse rate 
Delay time before turn off 


Input pulse 
character- when pulsed from ON to OFF 
condition. 


istics 
tins Oscilloscope Rise time when pulsed from 
character- ON to OFF condition. 


trail 


taeiaycorty 


istics 


Vos ° 
Ves or Ip 
frequency 


bandwidth 


Vos 

Vas or Ip 
frequency 
bandwidth 


Vos 
Ves or Ip 


Reenors tor 


teaiittaeiaycon. \ 
t i settaelay (oft) . 


Common-source equivalent 
short-circuit input noise volt- 
age. Measured at the output 
with the input shorted, and 
referred to the input. Ex- 
pressed as rms_volts per 
root cycle, #V/\/Hz. A func- 
tion of frequency, so fre- 
quency value must be stated. 
Common-source equivalent 
open-circuit input noise cur- 
rent. Expressed as pA/ \/Hz, 
a function of frequency. 

Noise figure. This represents 
a ratio between input signal 
to noise and output signal to 


noise. NF is a function both 
of frequency and of genera- 
tor resistance Rs. Both must 
be stated or the specification 
is meaningless. When _ prop- 
erly qualified, NF includes 


the effects of both e. and in. 


frequency 
bandwidth 


begins to increase. Except for a translation along 
the Ves axis, Vestn) is not unlike Vesorr) in Types 
A and B. In fact, the difference between Type-B 
and Type-C devices is a simple translation of the 
transfer curve along the Vas axis (see Fig. 5a). 

Gate current of the MOS is predictably much 
less than that of the FET because of the insulat- 
ing properties of the oxide layer. MOS and FET 
gate currents may be compared in much the same 
manner as the leakage of a ceramic dielectric 
capacitor may be compared to the reverse current 
of a signal diode. Whereas FET gate current 
exhibits a significant temperature and voltage 
dependence, the de input resistance of the MOS 
gate is generally greater than 10'* ohms under all 
operating conditions. 


A better understanding of breakdown 


The voltage breakdown characteristics of the 
MOS differ markedly from those of the FET. 
The FET exhibits an avalanche breakdown 
across the most highly stressed point (drain- 
gate) of the gate-channel diode junction. In tetrode 
devices (junction FETs with two gates), there is 
also a reach-through breakdown from gate to gate 
when the channel becomes depleted of majority 
carriers at gate bias levels approaching the cut-off 
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3. FET input gate characteristic shows the breakdown 
point where Vgg ~ BVggg (see Table 1). 


Table 4. FET and MOS applications 


Application Preferred] device 


Analog switch 


Digital switch 


General-purpose amplifier 


Low-noise amplifier 


High-frequency amplifier 


Differential amplifier 


Low-drift single-ended 
amplifier 


voltage. Different values of reach-through voltage 
are observed on gates 1 and 2, which are of un- 
equal resistivity. It is important to note that in 
tetrodes, where one gate (usually the substrate 
gate) has been internally connected to the source, 
it is impossible to measure Igss or BVegs at 
voltage levels above the gate-1 reach-through 
value. 

The MOS breakdown mechanisms are of a 
different nature. Take, for example, the enhance- 
ment of device. Breakdown from gate-to-source 
or gate-to-drain depends upon the _ thickness 
and quality of the insulating oxide. When the 
dielectric strength of the oxide is exceeded, break- 
down occurs, puncturing the insulating layer. The 
breakdown is destructive in nature because a 
virtual short circuit occurs at the puncture point. 
This type of breakdown is quite common in dry 
climates when adequate handling precautions are 
not observed. For instance, a static electric poten- 
tial of several thousand volts may easily build up 
on the gate from contact with nylon smocks. The 
gate then becomes permanently damaged. To 
avoid this, some manufacturers supply units with 
built-in Zener protection or with shorting clips 
across the gate-to-source junction. 

There is also a breakdown from source to drain 
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® ID(OFF) 


4. Leakage currents that flow in the FET are measured with these circuits (see Table 1). 


on the Type-C and Type-B units when either is 
biased to cut-off. In each case there is no channel 
connecting the source and drain which are isolated 
by the substrate. If the substrate is floating, two 
diodes appear’ back-to-back between source 
and drain. Drain-to-source breakdown (BV pss) 
occurs in either polarity across one or the other of 
these diodes. 

If a Type-B device is under consideration, 
BV oss is usually replaced by BVypsx where the 
subscript X indicates some specific bias condi- 
tion—Ves>Vesrorr) in this case. When the sub- 
strate is internally connected to the source, the 
breakdown takes place across the drain-substrate 
junction. A drain-source voltage greater than a 
few tenths of a volt of opposite polarity will cause 
forward conduction of the drain-substrate junc- 
tion. This condition prevents use of the device in 
high-level, analog-switching circuits. 


FET more stable than MOS 


The dc stability of the MOS is inferior to that of 
the FET.® Whereas, with the FET, the equivalent 
drift of Ves is a predictable and repeatable 
function of temperature, that of the MOS is 
dependent upon temperature and/or V¢s history 
(recent past excursions). When a gate-channel 
voltage is applied to the MOS, there is a charge 
migration in the insulating oxide. When the 
bias is removed, the time required for restora- 
tion of equilibrium is a function of the bias ap- 
plied, the length of time the bias had been ap- 
plied, and the temperature both during biasing 
and after removal of bias. 

As these relationships. are complex, it is impos- 
sible to predict residual gate field conditions 
accurately. The effect of the disturbance in charge 
equilibrium is that a residual gate bias exists; this 
controls the channel as if a small but unknown 
gate voltage were present. The effect on drain 
current is that of an indeterminate translation 
of the gate-drain transfer-characteristic curve 
horizontally along the Vgs axis. High-voltage 
bias alone has some effect, but high-temperature 
storage by itself has no effect except to speed the 
return to equilibrium. The variation in drain 
current from normal may be less than one per cent 
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after a period of low-voltage biasing at room 
temperature. It may rise to 30% after several 
hours of 10-volt biasing at 100°C. 

A specific bias point exists on FETs where the 
drain current exhibits a zero temperature co- 
efficient. Such a point also exists for the MOS, 
except that a true zero temperature coefficient is 
rarely, if ever, observed. In MOSs, a zero t.c. 
exists only for a much smaller range of tempera- 
ture variation. Bias stability has been observed 
to be no better than A|V¢s| 0 —- ~10 mV for a 
variation of 75°C. This compares with A|V¢s|<0.5 
mV over AT = 100°C for the FET. 

The noise performance of the MOS is also 
inferior to that of the FET, except perhaps at 
VHF and above.’®? A high level of excess noise 
is present at low frequencies, and is believed to be 
due to the relatively unprotected nature of the 
MOS channel surface. 


MOS forte is switching applications 


From the preceding discussion of electrical char- 
acteristics, it is apparent that the MOS is well 
suited for some, but not all, circuit applications. 
Table 4 serves as a guide to suitable FET and 
MOS applications. A listing in the table does not 
necessarily mean that the unlisted device is not 
suitable for the application, but that the listed 
device is preferred. 

Several manufacturers have developed multiple 
MOS arrays in digital integrated circuits. They 
have been acclaimed as a means of reducing size, 
cost and power consumption of digital computers. 
The MOS is very well suited to switching ap- 
plications because, as the control voltage varies to 
turn the device ON, a voltage clamp is not re- 
quired to prevent gate current flow. 

Considerable use of the MOS as an analog 
multiplexer gate may occur within the next few 
years. The capabilities of Ipn;orr) less than 1 nA, 
Tascon) less than 100 ©, and the normally-OFF 
advantage are all-important in this application. It 
is necessary in these analog gating circuits for the 
MOS substrate to be isolated from source and 
drain so that the Vps may be of either polarity. 
Consider the analog gate circuit of Fig. 10a which 
uses a connected-substrate MOS. Note that if a 
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Ip(orr) MEASUREMENT 


5. Transfer characteristic (a) shows how key parameters 
Vp and |p;opr) are measured (see Table 1). This is for a 
Type-A FET unit (depletion mode). All three FET types 


6. The equivalent circuit of the FET is used in small-signal 
applications (see Table 2). 


P-TYPE 
SUBSTRATE 


SUBSTRATE SUBSTRATE 


7. Starting with a p-type substrate (a), three additional 
steps are used in MOS construction. 


(+) GATE 


INDUCED CHANNEL 


P SUBSTRATE 


8. An enhancement channel is formed in the MOS when 
a positive gate potential is applied. 
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'D NOT CHARACTERIZED 
FOR OPERATION IN 


en THIS QUADRANT 
Ves(orA TYPE A 


DEPLETION 


DEPLETION 


VGs(orF) 


fp 
: Ves VoesitH) 


(depletion, depletion-enhancement (Type-B) and en- 
hancement (Type-C) have unique transfer properties (b). 
Each governs device suitability for different applications. 


P SUBSTRATE 


9. Depletion-type MOS is a normally-ON device. With zero 
gate potential, conducting channel from source to drain. 


negative input signal were present, the drain- 
substrate junction would become forward-biased, 
allowing signals to appear at the output even in 
the absence of a gate drive. In the circuit of Fig. 
10b, an MOS with isolated-substrate is used. Here 
the substrate is biased more negative than the 
largest signal to be handled, thus preventing 
drain-substrate conduction. 

Another point of consideration in analog gate 
circuit design is the relationship between thres- 
hold voltage and signal voltage. With the gate at 
ground potential, a negative signal on the source 
is equivalent to a positive Ves. Then, if the MOS 
in Fig. 10b is in its normally-OFF state, the 
Vescth) Must exceed the maximum peak-signal level. 


Low ON resistance a high point 


In digital switching applications, the MOS 
is the most promising device available. The 
desirable characteristics for this are low ON 
resistance, low capacitance, high switching speed, 
high input resistance, high threshold voltage, and 
a normally-OFF state. The Type-C MOS may be 
designed to meet all of these characteristics with- 
in reasonable limits. Low ON resistance increases 
switching speed and produces low Vopgs;ov) values. 

The latter term is equivalent except in mag- 
nitude to Vex;sat) Of bipolar transistors. Low 
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10. The MOS is well suited for analog-switching. A con- 
nected-substrate unit is an analog gate (a) for basic multi- 
plexing. The isolated-substrate version blocks output sig- 
nals (b) when the input goes negative. 


capacitance provides for increased switching 
speed. High input resistance yields a high fan-out 
capability. High threshold voltage produces good 
noise immunity. The normally-OFF state allows 
for simple direct-coupled operation with a single 
power supply. Combinations of normally-ON and 
normally-OFF MOS devices within a digital 
system are another intriguing possibility. 

The MOS is not specifically suitable as a gener- 
al-purpose amplifier because of the drain current 
instability with bias and temperature. In applica- 
tions where ambient temperature is moderate and 
some drift in operating point is tolerable, the 
normally-ON MOS may be useful. Audio-frequen- 
cy applications would be limited to medium and/ 
or high-level signals, owing to the large amount 
of excess noise exhibited by present MOS devices 
at low frequencies. Because of its relatively in- 
ferior noise performance, the MOS is ill-suited 
as a low-frequency, low-noise amplifier. 


MOS is O.K. for RF amplification 


The MOS is also limited for use in de amplifier 
circuits because of the instability problem already 
noted. The only possibility at present for this 
application would be when the MOS is biased near 
the zero temperature coefficient point. This use 
is limited only to de amplifiers with moderate 
short-term drift performance requirements and a 
wide latitude on long-term drift performance. The 
instability restricts the MOS to laboratory uses 
allowing > 10-m V drift in V¢s and military appli- 
cations allowing >100-mV drift. 

The MOS does, however, show promise for use 
as an RF amplifier, particularly where the square- 
law transfer characteristic produces very low 
levels of cross-modulation. The low input conduc- 
tance of the MOS makes it suitable for efficient 
operation to several hundred megahertz. And, 
although low-frequency noise is excessive, high- 
frequency noise may be of a sufficiently low mag- 
nitude to permit uhf operation with noise figures 
below 5 dB. 

FET applications are not exclusively limited to 
amplifiers. FETs are ideally suited to switching 
applications where the load resistance is high 
compared to channel resistance. The most impor- 
tant characteristics for each application are listed 
in Table 5. When referring to the FET tables (pp. 
104 to 112), consult these key parameters. They 
are indices of the suitability of a device for a 
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Table 5. FET applications 


Application Characteristic Definition 


~ Series ON resistance 


Analog lds (on) 
OFF leakage current 


switch lbcor) 
Gace / Cis j 
) erp Gate-channel capacitance 
Cago / Caso 


Digital las (on) 
switch Vesctn 
or 


Vesorm 


ON resistance 
Control voltage threshold 


Sum of rise, fall, and switch 
ton t-tarn ing delay times 


General- lpss Drain current at zero gate 
purpose gts bias 
amplifier Vesorr Transconductance at zero 
gate bias 
Gate cut-off voltage 


Equivalent short-circuit input 
noise voltage 

Equivalent open-circuit input 
noise current 

Noise figure for a_ given 
source resistance 
Transconductance 


grs Transconductance 

Reverse transfer capacitance, 

drain-to-gate 

Biss Input conductance at intend- 
ed operating frequency 

Ciss Input capacitance 


Differential A|Vcs:—Ves:| Differential input voltage 
amplifier AT drift with temperature 
|Vos:— Vose| a input offset voltage at 
un ‘a Input current match at max- 
rs: / Ses imum operating temperature 
Transconductance under op- 
erating conditions 
Transconductance match un- 
der operating conditions 


Zero temperature coefficient 
drain current 
Transconductance at Ipz 
Gate current at Ipz 
Gate-source voltage at lIpz 


Low-noise 
amplifier 


High-fre- 
quency Crss 
amplifier 


Low-drift 


single- 
ended 
amplifier Vasz 


particular application.* 


*A more detailed treatment of FET and MOS applications 
will be provided in a three-part follow-up design article 
appearing in the next 3 issues of ELECTRONIC DESIGN. 
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LESS DISTORTION WITH FETs 


the best performance from DC to 500 MHz 


Cross-modulation distortion in FM, TV, and communications receiver r-f 
Stages iS minimized by using devices with square-law transfer characteristics. A 
tube’s power-law characteristic produces much less cross-modulation than the 
bipolar transistor with its exponential characteristic. The best answer of all is 
the FET, with its perfect square-law characteristic. Next time you’re working on 
an r-f design, plug in one of the Siliconix 2N3821-24 series and measure the 
remarkable improvement. | 
Harmonic distortion in low-frequency amplifiers comes from (A) a nonlinear 
transfer characteristic and (B) input impedance variations with signal level, 
resulting in nonlinear loading on the signal source. The latter problem is the 
major cause of distortion in bipolar transistor amplifiers lacking a constant- 
current drive. With the high input impedance FET the problem is eliminated. 
The curve shows that amplitude distortion increases as the FET’s bias point is 
moved toward cutoff. The square-law transfer characteristic explains this effect. 


The whole distortion story is much longer, so we’d 
like to mail it to you. Circle the number on the card 
and you'll receive the undistorted viewpoint on low- 
distortion FETs. Phone 245-1000 * Area Code 408 * TWX 408-737-9948 


Siliconix incorporated 


1140 W. Evelyn Avenue ¢ Sunnyvale, California 94086 
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Field-Effect 


Type 1(a). Analog-switching: Listed by descending order of r,,(,,)- 


Chonnel, vt 
. aig org ; 
e ss 4 " 5 . 
Ny _ \ ; (umhos) 
150 (min) 
2N2497 
2N3329 
2N3460 
D1185 
D1303 
FET 2 
DNX9 
TIXS11 
2N2498 
2N3330 
2N3378 


Alternate 


Sources 
and 


Remarks 


- 800-2300 
800-2300 —(0.6-6.0) Flat pack 


1000-2000 
1000-2000 
1000-4500 
1000-4500 
1000-4500 


1000-4500 
800 (min) 
1500-3000 
1500-3000 
1500-2300 


1500-2300 3 Flat pack 
1500-6000 
1500-6000 


ho Reh dadd 


UC 
UC 
DIC, SI, UC 


— 
: 


+ 


S> eSo 
: =s5 


SI,UC 


nono 
ad 


1500-6000 
1500-6000 
1500-6000 
2000-4000 
2000-4000 


1500-2300 

1500-2300 Flat pack 
1400-2800 

2500-10,000 

2500-10,000 


2500-10,000 


vu U  vuvvU vuVvVv VU OOO I= 3-0 vvvVvU vvUU 
1 Orrmnm aammr 


ww ore SS 


ote 


OoOU=z=0C0 oo 


wm, occ coc 
wo 


4500-12,500 

Flat pack 
4000-10,000 

600 (min) 

1500-3300 

2000 (min) 

S : 8 (min) 
- F 2 (min) 
1000-2000 - 

5000 (min) Dual 
7500-12, 500 

7500-12,500 Flat pack 
7500-15,000 

6000-12,000 


6000-12,000 | 
| 
| 


UC 


3 
2 
1, 
6 
6 
6 
6 
6 
6 
5 
3 
3. 
t7. 
0. 
4 
1. 
1 


cuvuvTU TU 
T0050 -050 
OT SIT) a aT 
1 Manan 


DMww Cwwwm 


FET 6 


TIXS42 
ET 
ule 2N3971 
TIXS33 
UC450 
2N4092 
CM601 
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7500-15,000 Flat pack 
7000 (min) ) Dual 


“0-0-0 


+ PMOman 


vcvUU TU 
BR 


eae 
mm 
w 


- R 15 (min) 
~ 2 8 (min) 
10-30000 - 

- 7.5-75 
- 10 (min) 


Bs 25-75 
12000 (min) 25 (min) 
ail 5 25-75 


15 (min) 


ee ay 

wlU Ute 

1 PronmD 
aS 


-— — ~ — —) 


10-0000 


(see pages 4-9 for explanation of company abbreviations.) 


Key to FET listings 


Definitions of parameters used appear in the article de- 
voted to FET and MOS characteristics (pp. 94 to 102). In 
the column headed ‘‘Channel, construction, class and 
number of elements’’: channel refers to p or n type; class- 
es F and M signify junction-FET and MOS-FET, respective- 


ly; construction is indicated by an abbreviated form of the 
manufacturing process (see page 20 for key to symbols); 
and number of elements designates the number of ac- 
cessible leads on the package, e.g., 3 for FETs, 4 for 
tetrode FETs or MOSs, etc. 


Alternate 


Chonnel, 


Construction, Sources 
Class And and 
No. of Elements (umhos) Remarks 


10-3000 
10,000-20,000 


20-6000 


30 (min) 


50-150 
50 (min) 


1000 (min) 
1000-2200 
1000-2200 


,DP,M, 900-1800 
,DP,M 1500-3000 
EP,E, 2000-6500 
PLE; 800-5000 
2N3821 FEPSP: 1500-4500 
FET 9 
2N3822 chil 3000-6500 
2N3823 EP; 3500-6500 
2N3909 PLE, 1000-5000 
2N 4220 ,DP,F, 1000-4000 
2N4221 ,DP,F, 2000-5000 
2N4222 n,DP,F,3 - - 2 2500-6000 
3N124 n,DP,F,3 - - 2 500-2000 
3N125 n,DP,F,4 - - 2 800-2400 
3N126 n,DP,F,4 - - 2 1200-3600 
MFE2093 MO n,DP,F,3 - - 2 250-500 
FET 10 
MFE2094 MO n,DP,F,3 - - 2 350-700 72 
MFE2095 MO n,DP,F,3 - - 2 400-800 72 
TIS14 Tl n,EP,F,3 - - 1000-7500 72 
TIS34 Tl n,EP,F,3 - - - 3500-6500 92 
TIXS35 TI n,EP,F,4 - - - 10,000-20,000 72 


(see pages 4-9 for explanation of company abbreviations.) 
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Field-Effect (continued ) 


Type 1(b). Digital-switching: Listed by descending order of Vgs;o1)- 


Channel, 
Construction, 
Class And 
No. of Elements 


2N2497 15 (max) 
2N2498 15 (max) 
2N2499 15 (max) 
2N2500 15 (max) 
2N3970 10 (max) 


n 
p 
p 
n 
p 


F1-0049 


Vs(TH) 


Chonnel, 
Construction, *Yp 
Class And [Min.-Max.] 
No. of Elements (volts) 


oo 


2N4220 


2N4221 
2N4222 
3N124 
3N125 
3N126 


MFE2093 
MFE2094 
MFE2095 


Www > SP Ww wWPrFPPww 
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10 (min) 


5-15 


* BV, 
DSS 

or 
[Min.] 
(volts) 


25-75 

2 (min) 
0-0.005 
10-50 
4-20 
0-0.010 
5-30 


0.3-15 
0.0005 (max) 


o 


wo 


Orman AD Dw 
wo 


ju 


Alternate 
Sources 
and 
Remarks 


Alternate 
Sources 
and 
Remarks 


(see pages 4-9 for explanation of company abbreviations.) 
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Field-Effect (continued) 


Type 2(a). Low-drift, single-ended dc amplifiers: Listed by ascending order of I,,x. 


Vesx NF 


Channel - v, [Max.] Alternate 
ic P dB at (f&—kHz Sources 

“Chere bad [Min.-Max.] and 
No. of Elements (volts) Remarks 


2N3112 
2N3113 
2N2606 
2N2841 
2N2607 


2N2842 


150(typ) 


370(typ) 

250-500 

450(typ) 

500-2000 
2N2609 1200(typ) 
2N3820 800-5000 
2N3909 1000-5000 
2N2844 


1400(typ) 
MFE2094 350-700 


*1.7(typ) 
4 (max) 
-4 

6.5 (max) 


15 (max) 
5 (max) 
5.5 


4 (typ) 
15 (max) 


1.5(0.1/ 1000) 
5(0.01 , 1000) 


3(1,/1000) 
1.5(0.1 / 1000) 


1(1/1000) 
2.5 (100000 / 1) 


2N2498 15 (max) 


2N3330 10 6 (max) 3-1-1000 
-0.001 -4 2 
-0.1 - f 
0.1 6 (max) 5(0.01 / 1000) 
2 8 (max) - 

2N3967 0.1 1.5(0.1/ 1000) 


i 


3N126 
TIS34 


5 
2N2499 10 o 
2N3331 10 4(1/ 1000) 
2N4222 
: gis 7(1/1000) 
: i 7(1/1000) 


0 
m 


000-4000 : 
1000 (min) 10 
1000-2000 0 
800 (min) 0.003 


x) 200 1 72 
x - 12 72 
2N2386 8 (max) 50 - § 
FET 23 | HA2020 80 (min) 8.0 2(5000 / .05) 72 
TIXS11 3-6 8 - 72 


Late-Arrivals. . . 


The following silicon p-channel enhancement mode MOS- 
FETs, manufactured by General Instrument, are general- 
purpose ac amplifying units with characteristics similar 
to cross-index group FET 41: 

MEM 511 MEM 520 

MEM 517 MEM 550 


MEM 517A MEM 551 

MEM 517B 
Use the literature offering and reader-service card (p. 5) 
to obtain detailed information on the parameters of these 
devices. 
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Field-Effect (continued) 


A|Ves| 
A|T| 


Type 2(b). Differential dc amplifiers: Listed by descending order of 


Alternate 


Construction, fsx Sources 
Class And {Max.| [Min. - Max.] and 
No. of Elements (volts) (umhos) Remarks 
2N3336 600-1800 


2N3335 
TIS27 

2N3334 
TIS26 


1500-6000 


2N3609 p,M,4 
3N97 p,DP,F,6 
2N3958 n,PL,F,6 
2N3333 p,OP,F,6 600-1800 
2N3957 n,PL,F,6 1000-3000 

n,EP,F,6 

n,F,6 

n,DP,F,6 

n,DP,F,6 i 

n,PL,F,6 1000-3000 
$U2078 F.6 300 (min) 
$U2080 OP,F,6 1500 (min) 
2N3922 DP,F,6 1500 (min) 
2N3955 PL,F,6 1000-3000 
2N4083 DP,F,6 300 (min) 
2N4085 DP,F,6 1500 (min) 
3N96 p,DP,F,6 250-500 
2N3921 n,DP,F,6 1500 (min) 
2N3934 n,DP,F,6 300 (min) 
2N3954 n,PL,F,6 1000-3000 


2N4082 
2N 4084 
HA2030 


300 (min) 
1500 (min) 
1000-2000 


=oo Vvd8o° 


BYEss 
or 
“BYpss 


Alternate 


Chonnel, or 
Construction, tBYnGo Sources 
Class And [Min.] and 
No. of Elements (volts) Remarks 


0.025 (min) 6 (max) 
—(.025-.12) 1.7 (max) 
0.025-0.25 —2 (max) 
0.03-0.09 -0.7-2 
2N3112 —(.035-.175) 1-4 


Flat pack 
DIC, UC, 
SI 
DIC, UC, 
SI 


—(.035-.175) 
§.05 (min) 
0.05-0.25 


2N3113 
uc750 
2N3068 


2N3367 


2N3454 n, DP,F,3 UC, SI 
2N3457 n,DP,F,3 UC, SI 
2N3698 p,F,3 
n,DPE 
n,DPE 
n,DPE 
p,F,3 
p,F,3 
p,F,3 100 (min) 
p,F,3 100 (min) 
p,F,3 180 
p,DP,F,3 180 (min) 
p,DPE,F, 3 80-220 
n,F 200-500 
F 
F 
D 1 (mi 
D ~(0.1-0.5) 


2N3687 
Ull4 
2N3071 


2N3370 


0.1-0.5 
~(0.10-0.50) 
0.1-0.6 


DIC, UC, 
SI 
DIC, UC 


0.1-0.6 3.5 (max) 


(see pages 4-9 for explanation of company abbreviations.) 
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Field-Effect 


D1182 
D1203 
DN3071A 


DNX6 
MFE2093 


2N2843 


2N3067 
2N3366 
2N3438 


2N3453 
2N3456 
2N3460 


D1102 
-D1178 
D1185 
D1303 
DN3067A 


2N3820 
2N3909 
UC814 
UC805 
2N3686 


MFE2094 


2N3089A 


2N3070 
2N3369 
2N3821 
3N89 
01181 
D1202 


DN3070A 
DNX5 
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(continued) 


Chonrel, 
Construction, 
Class And 
No. of Elements 


nDP,F,3 
n,DPE,F,3 


0.20-0.60 
~(0.2-1.0) 


=(,30-1.5) 
~(0.30-1.5) 


300-1000 
110 (min) 
110 


150-1500 
250 (min) 


500-5000 
500-5000 
200 (min) 
200 (min) 
1000-10,000 


540 
500-1000 
100-250 
540 (min) 


300-1000 
250-1000 
800-4500 


150-900 
300-900 
800-4500 


300-1000 
300-1000 


800-4500 
800-4500 
300-1000 


150 (min) 
150 (min) 
250 (min) 
500-2000 
1000-10,000 


1000 (min) 
150 (min) 
1000 

330 (min) 
330 (min) 


800-5000 
1000-5000 
800-5000 
1000-10,000 
1000-2000 


300 (min) 


1400 

1400 (min) 
500 (min) 
250-1250 
300-900 
300-900 


750-2500 
600-2500 
1500-4500 
450-1300 
750-2500 
600-2000 


750-2500 
750-2500 


[Min.-Max. | : in. : (Max. ] 


(volts) (pF) 


2.5 (max) 
—2.5 (max) 
-2.5 (max) 
2 (max) 
*2.5 


—4 (max) 
1-6 


6 (max) 
6 (max) 
10 (max) 


6 (max) 
8 (max) 
1-2.5 
1,0-2.5 
8.0 (max) 


6 (max) 
0.6-2.0 
—2.5-6.0 
1.7 (max) 


5 (max) 
7 (max) 
2.5 (max) 


5 (max) 
5 (max) 
2 (max) 


—5 (max) 
—5 (max) 
—2 (max) 
—2 (max) 
—5 (max) 


ret 
o> 


WwnOD | Oo 


1oow corr orn ent 
Hretss Sets os 
oo — 9 _ 


—5 (max) 


5 (max) 
7 (max) 
*-4 


3.3 (typ) 
5 (max) 
—5 (max) 
—5 (max) 
4 (max) 


Alternate 
Sources 
and 
Remarks 


DIC, UC, AL 


SI,UC 


(see pages 4-9 for explanation of company abbreviations.) 
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Field-Effect (continued) 


FET 39 
FET 40 
FET 41 
FET 42 
FET 43 


FET 44 


FET 45 


UC420 
2N3796 
2N4220 
U1278 
U89 


K1004 
2N3822 
TIS14 
UC705 
2N3376 


2N3377 


2N3084 


2N3085 
2N3086 
2N3087 
2N3365 
2N3066 


2N3437 
2N3452 
2N3455 
2N3459 


D1101 
D1177 
D1i184 
D1302 
DN3066A 


DNX1 
UC753 
2N2608 
2N3578 
2N2386 


U112 
UC851 
2N3328 
UC807 
2N3821 


2N2497 
2N3329 
MFE2095 
2N3685 
uCc220 


2N2500 
2N3332 
2N3823 
U1283 


2N3695 


2N2498 
2N3330 
2N4221 
UC410 
2N3069 


2N3822 
2N2609 
D1180 
D1201 


DN3069A 
DNX4 
2N3368 


2N3819 


Channel, 
Construction, 
Class And 
No. of Elements 


Or 


S>uvrDv 


w 


ww to Go 


Spsaapsaa 
oomnmn™n amo Uv 
v0 vr 


n,DPE,F,3 
n,Fi3 


wit /U_0 U0 


uvvvv 


saa0 UG 


S000 Vw _ Vt 


mManooSeo oOmnTOonM| MoMmMoo oATO9o 
wo 


< 


n,DP,F,3 
n,EP,F,3 


0.5-2.5 
0.5-3.0 
0.5-3.0 
~(0.5-5.0) 


oe 


: 


E EEEE 


EE 


eesss 
Bre 
oo°oe 


0.8-6 
0.9 (min) 
—(0.90-4.5) 
—(0.9-4.5) 
~(0.9-9.0) 


1500.(min) 
900-1800 
1000-4000 
350 (min) 
450-1300 


800 (min) 
3000-6500 
1000-7500 
2000-20,000 
800-2300 


800-2300 
1000-3500 
800 (min) 
200 (min) 
400-1200 


400-1200 
400-1200 
400-1200 
400-2000 
400-1000 


1500-6000 
200-1200 
400-1700 
1500-6000 


400-2000 
400-2000 
1500-6000 
1500-6000 
400-1000 


400-1500 
2500 

1000 (min) 
1200-3500 
1000 (min) 


1000 (min) 
1000 


100 (min) 
2500-25,000 
1500-4500 


1000-2000 
1000-2000 
400-800 

1500-2500 
3000 (min) 


1000-2200 
1000-2200 
3500-6500 
1500 (min) 
1200 (min) 


1000-1750 
800-2400 
600-1500 
600-1500 
450 (min) 


1500-3000 
1500-3000 
2000-5000 
2250 (min) 
1000-2500 


3000-6500 
2500 (min) 
1000-2500 
1000-2500 


1000-2500 
1000-2500 
1000-4000 


2000-6500 


BYGss 
or 
Vp *BYpss 
or 
[Min.] 


M or 
V6S (off) 
(Min.-Max.] 


2.5 (max) 
*¥-4 


1-4 
4.5 (max) 
3,3 (typ) 


12 (max) 
6 (max) 
*6.5 (max) 
8 (max) 
1-5 


| @m~ co 


1-5 

3 (max) 
5 (max) 
8 (typ) 
-10 


on. TOD > w 


par ae — 
noe 


-10 
-10 
-10 
12 (max) 
10 (max) 


oo SCOoOWww 
—;uNno ay 


i 
o 


5.0 

10 (max) 
10 (max) 
4 (max) 


-10 (max) 
—10 (max) 
—4 (max) 
—4 (max) 
—10 (max) 


—8 (max) 
6 (max) 
1-4 


1.5-4 
8 (max) 


16 

6 (max) 
6 (max) 
12 (max) 
4 (max) 


15 (max) 
*5 (max) 
* * 
1.0-3.5 
2.5 (max) 


15 (max) 
6 (max) 

*8 (max) 
2.5 (max) 
5.0 (max) 


2-5 
*-4.0 
2.0-10 
2.0-1.0 
8.0 (max) 


15 (max) 
6 (max) 
*6 


4 (max) 
10 (max) 
*6 (max) 


10 (max) 
—10 (max) 


—10 (max) 
8 (max) 
12 (max) 
*8 (max) 


(see pages 4-9 for 


Alternate 
Sources 
z é and 
(volts) (volts) Remarks 


explanation of company abbreviations.) 
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Field-Effect (continued) 


Chonnel, 
Construction, 
Class And 
No. of Elements 


2N2386 
2N3378 
2N3379 
3N126 

2N3436 


D1183 
D1301 
2N3458 
2N3797 
ucz210 


TIS34 
U1282 
2N2499 
2N3331 
2N4222 


p,DP,F, 3 
p,DPE,F,3 


DE1004 


HA2001 
TIXS11 


Channel, 
Construction, 
Class And 


No. of Elements 


ww lt 
w 


p,DP,F,3 
p,DP,F,3 
n,DPE,F,3 
n,DPE,F,3 
n,DPE,F,3 
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-25 (min) 
25-125 
40-200 
-65 (min) 
—(65-325) 


3000 (min) 
3500-7000 
250 (min) 
6000 (min) 
10,000-20,000 


60 (min) 
60-300 


600(min) 


1000-2000 
800 (min) 


Vp 


or 
“VS (off) 
[Min.-Mox.] 
(volts) 


5 (max) 
-8 (max) 
8 (max) 


5 
12 (max) 


*-4 

4.0 (max) 
18 

4.5 (max) 
15 (max) 
8 (max) 
*-8 


6 (max) 
8 (max) 
10 (max) 
6.0 (max) 
*1-5 


6 (max) 
1.7 (max) 
*3-10 

6 (max) 
1.7 (max) 


15 (max) 
6 (max) 
6 (max) 
03 (OP) 


3-6 


Alternate 
Sources 
and 
Remarks 


4MT25 package 
*loss (min.) = 0.2 
*loss (min.) = 0.44 


aVA/q, (Mox.! pA/\/Hz 
at (f= —kHz) | 
or 


or 
“Ys (off) 
[Min.-Max.] 
(volts) 


200000 / ~ 
200000 / - 


02/1000 


.02/ 1000 
02/1000 
01/1000 
01/1000 
1/1000 


1/1000 
1/1000 
-1/1000 
.1/1000 
-1/1000 


800 (min) 
1200-3500 


2500-10,000 


900-1800 
1500-3000 


1500-4500 
3000-6500 
1000-4000 
2000-5000 
2500-6000 


3000-7000 


1000-2000 


1500-3000 
1600(typ) 
200-1200 
150-900 
100-600 


~8(typ) 


*-]-7 

*8 (max) 
—9.8 (max) 
—4,8 (max) 
-2.3 (max) 


1.8 (max) 


*5 (max) 


*6§ (max) 


~9,8 (max) 
~4.8 (max) 
~2,3 (max) 


(see pages 4-9 for explanation of company abbreviations.) 
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Field = Effect (continued ) 


sox! 9 
Chonnel, : at (f= —kH2) : me a : ve 
Construction, ; ee =—khz ources 
Class Aad a ay in-Max.]| (Min. [Min.-Max. 
No. of Elements | 1B) (umhos) (volts) TO- | Remarks 


*8 (max) 
—8 (max) 
*6§ (max) 
5(typ) 
5(typ) 


—(3.5-10) 


Peee ooo 
or~ Soop 


ss 
Poo w s uo 
. « . 


=) 
sid 


15 (max) 


*8 (max) 
*8 (max) 
*0.3-7.9 
*6.5 (max) 
18 


800 (min) 
10,000-20,000 
10,000-20,000 


fe Ww WWWWWwW WWwWwWWWw 


NF 
Alternate 
Sources 


[max.] 
Channel, ; 3 a! dB at (f= —kHz 
Construction, en Tea i : 
Class And — [Min.-Mox. : [Max. in. -Max.! | [Min.-Max.] a 
No. of Elements — (umhos) (volts) TO- | Remarks 


3N89 450-1300 5-2. 72 
(189 450-1800 5-5. ip 
DE1004 600; 

2N3608 

TIXSI1 


2N3376 
2N3377 

2N3820 800-5000 
K1001 1000(min) 
K1201 1000 (min) 


TIS14 

2N3378 
2N3379 
2N3380 
2N3381 


2N4038 
2N 4039 
2N3821 
2N3819 
2N4224 


2N3822 
2N4223 
2N3823 


TIS34 


K1003 
FTS7 
TIXS35 10,000-20,000 
TIXS36 10,000-20,000 


BR 


200 MHz) 
450 MHz) 


wie? 


100MHz/1 MQ) 
3(100MH2/1MQ) 
0.01 KHz/1MQ) 


mr 


9(0.01 KHz/1MQ) 
5(200MH2/1 KO) 
2.5100 MH2/1 KQ) 


800 - 4.5 (200 MHz) 
60(typ) 4 at 0.1GH2/2.5KQ 
= 30 a 


(see pages 4-9 for explanation of company abbreviations.) 
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Now! All the Features of Larger Size 
Potentiometers— Except Larger Size! 


(1) Dimensions: 4%" x ¥%" x 0.17" 


) Multi-turn adjustment 
3) Damage-proof clutch action 
4) Indestructible SILVERWELD*® termination 
5) Standard resistances from 102 to 20K 
6) 20 ppm wire 


(2 
( 
( 
( 
( 


New TRIMPOT® Potentiometer Model 3260 
ACTUAL SIZE 


Write today for complete technical data 


If it’s TRIMPOT®, it’s BOURNS BOURNS », INC., TRIMPOT DIVISION 


1200 COLUMBIA AVE., RIVERSIDE, CALIF. 


TRIMPOT is a registered trademark of Bourns, Inc. E a Ae werhim feet se er mab: 


MANUFACTURER: TRIMPOT® & PRECISION POTENTIOMETERS, RELAYS: TRANSDUCERS FOR PRESSURE, POSITION, ACCELERATION. PLANTS: RIVERSIDE, CALIFORNIA; AMES, 1OWA; TORONTO, CANADA 


Use the unijunction transistor that does 
the job best. Listed by major parameters, these 


three charts facilitate selection. 


Choice of the right unijunction transistor 
(UJT) for any application will save a lot of design 
and test time. To facilitate selection, ELECTRONIC 
DESIGN has separated the UJTs into three catego- 
ries, each intended for a specific set of applica- 
tions. The parameter definitions and test set-ups 
that follow provide a good understanding of how 
the UJT works, and show the relationship between 
application and UJT parameter specifications. 

Within the limits of its relatively low frequency 
capabilities (a few hundred kilohertz at most), the 
UJT is ideal for such applications as relaxation 
oscillators, timing circuits, voltage and current 
level-sensing, frequency dividing, precision trig- 
gering of the SCR, SCS, and Triac, control of 
frequency for inverters and oscillators, and saw- 
tooth and pulse generation. 

The UJT data listings are organized according 
to key design parameters. These are: 

= Type 1—for pulse applications such as SCR 
triggering; in order of increasing Voz, (base-one 
peak-pulse voltage). 

= Type 2—for high-frequency, short timing 
period, and voltage-sensing applications; in order 
of increasing J, (valley current). 

» Type 3—for low-frequency, long timing pe- 
riod, and current-sensing applications; in order of 
decreasing values of Jp (peak-point current). 

To select a UJT, many other factors should also 
be considered. These include circuit acceptance of 
parameter spreads, supply voltage requirements, 
frequency, ambient temperature range, power dis- 
sipation, current limitations, package type and 
size, and device cost. 


Basic concepts explained 


The UJT, a three-terminal semiconductor de- 
vice, is distinctive by having a negative resistance 
characteristic which is highly stable with voltage, 
temperature and time. Fig. 1 shows the schemat- 
ic symbol for the UJT as well as the relationship 
of.the leads when the device is housed in a stand- 
ard transistor can. By examining the simplified 
equivalent circuit shown in Fig. 2, the operation 
of this device can be easily visualized. Though 
different geometries exist , the UJT consists 
basically of a pellet of n-type silicon with ohmic 


Dwight V. Jones, Applications Engineer, Semiconductor 
Products Dept., General Electric Co., Syracuse, N. Y. 


114 


contacts, base-one (B,) and base-two (B.), at 
opposite ends of the pellet. At some point between 
these two, a single rectifying contact, the emitter 
(EF), is attached. The interbase resistance, Rpz0, 
is the sum of Fz, and Rg, and is between 5 and 10 
kilohms. 

In the equivalent circuit, the diode (D) repre- 
sents the UJT’s emitter diode. In normal circuit 
operation, a positive bias voltage (Vz;) is applied 
at base-two. With no emitter current flowing, the 
silicon pellet acts as a simple voltage divider; a 
certain fraction, 7, of Vzg appears at the emitter. 
If the emitter voltage, Vz, is less than 7 Vzz, the 
emitter becomes reverse-biased and only a small 
emitter leakage current flows. If V,; is greater 
than » Vzs, the emitter is forward-biased and 
emitter current flows. This causes a decrease in 
the resistance between the emitter and base-one. 
As the emitter current increases, the emitter 
voltage decreases and a negative-resistance char- 
acteristic is obtained. 

This characteristic is shown in Fig. 3 for a 
typical UJT. On this curve, the two major points 
of interest are the peak point and the valley point. 
To the left of the peak point is the cut-off region 
where the emitter is reverse-biased and only a 
small leakage current flows. To the right of the 
valley point is the saturation region where the 
dynamic resistance is positive. The negative 
resistance region lies between these two points. 

A better understanding can come from examin- 
ing the relaxation oscillator circuit, shown in Fig. 
4a, which is basic to most UJT applications. At 
the beginning of each cycle the emitter is reverse- 
biased and hence non-conducting. As the capacitor 
(C,) is charged through the resistor (Rr), the 
emitter voltage rises toward the supply voltage, 


1. Unijunction transistor is represented by this symbol, 
where the emitter, base-one and base-two are identified 
by E, B,, and B,. The circular outline shows the pin 
relationships for a transistor. type package. 
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2. Simplified equivalent circuit of a unijunction transistor 
aids device analysis. When V, is larger than 7 Vgx + Vp, 
the’ diode conducts, R,, reduces in value, and a large 
emitter current flows. 


V,. When the emitter voltage reaches the peak- 
point voltage, Vp, the emitter becomes forward- 
biased and the dynamic resistance between the 
emitter and base-one drops to a low value. Capaci- 
tor C, then discharges through the emitter. When 
the emitter voltage reaches Vzg;y;v), aS Shown in 
Fig. 4b, the emitter ceases to conduct and the cycle 
is repeated. The minimum emitter voltage, Vix), 
is approximately equal to 0.5 Vaysar). If Ri is 
zero, it is relatively independent of bias voltage, 
temperature and capacitance. For small values 
of R, and R., the frequency of oscillation is: 


1 
{= eCin GAL 9) By 


The UJT relaxation oscillator is noteworthy for 
its ability to operate over a wide range of circuit 
parameters and ambient temperature. Several 
important conditions must be satisfied if this 
circuit is to operate satisfactorily. These are: 

= The load line. formed by resistor R;, must 
intersect the emitter characteristic curve to the 
right of the peak point. This condition ensures 
that R; can supply sufficient current to the emit- 
ter to trigger the UJT. This condition may be 
written: 


V; args Vp 
Rr 


Generally Ip is specified at an interbase voltage of 
25 volts and is inversely proportional to Vz,. This 
equation sets the maximum limit on R,. Rp must 
be chosen to satisfy this inequality under the 
worst conditions for each of the other parameters. 
The worst conditions would include the maximum 
value of Vp, the minimum value of V;, and the 
maximum value of Jp at the minimum tempera- 
ture of operation. 

= The load line formed by R, must also inter- 
sect the emitter characteristic to the left of the 
valley point. This may be written: 


ae She ie 
T 


Since Vy is circuit-dependent, its value should be 
measured in the actual circuit. If this condition is 
not satisfied, the load line will intersect the emit- 
ter-characteristic curve in the saturation region 


>I. | (2) 


<ly. (3) 
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REGION _ 
Vp 
PEAK POINT 


Ve pz!OV 


Ve (sat) ™ 


Vv 


3. Emitter characteristic curve shows the three operating 
regions. When the emitter diode goes into conduction, the 
device shifts its operating point through the negative re- 
sistance region to the saturation region. 


and the UJT may not turn off after it triggers on 
the first cycle. Note that the value of valley cur- 
rent includes the effects of the base-one and base- 
two external series resistors. If these are large, 
the value of Jy will be reduced as indicated in Fig. 
5. 

= Finally the operation of the UJT relaxation 
oscillator greatly depends on the allowable range 
of capacitance C,. As the size of C, decreases 
from 0.01 to 0.001 uF, the amplitude of the emitter 
waveform will decrease. This decrease is actually 
a function of the frequency capability of the UJT 
being used. For most UJTs the emitter peak 
current should not exceed two amperes for values 
of C, less than 10 »F and peak-point voltages less 
than 30 volts. For higher values of C; or Vp», 
resistance should be used in series with the capaci- 
tor to protect the emitter circuit. This additional 
series resistance should be on the order of at least 
one ohm per microfarad of Cyr. 

In general the limitations tmposed by the first 
two conditions are not severe. A maximum value 
of Jp might be 2 »A and a minimum value of J, 
might be 8 mA. The allowable range of R, then 
would be 1000 to 1 or approximately 3 ko to 3 Ma. 


Defining the parameters 


To properly select the device that will function 
best in any particular circuit, it is important to 
understand the meaning attached to each of the 
parameters and the methods by which these val- 
ues can be checked in the laboratory. The follow- 
ing definitions and test circuits will greatly help 
in achieving a working design. 

The intrinsic stand-off radio (7), one of the most 
important parameters, is defined by the equation: 


Vp ad | Viz + Vo, 


where V> is the peak-point emitter voltage, Vz is 
the interbase voltage, and V, is the emitter diode’s 
forward-voltage drop. 

For a given UJT type, there is a range of values 
for the intrinsic stand-off ratio from device to 
device. Since the basic UJT circuit has a frequen- 
cy characteristic which is dependent on R,, Cp 
and 7, a wide range of 7 will greatly affect the 
operating frequency of this basic oscillator. 
Though R, can be adjusted to compensate for this 
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4: The basic unijunction circuit, a relaxation oscillator 
(a), provides a sawtooth output. The characteristic curve 
(b) shows the effect of increasing the value of the charg- 
ing capacitor, Cy. 


EMITTER VOLTAGE -V_ — VOLTS 


belek 
AS cea ee en Te 
ieee 
ee 


ae iesemeerr 
10) 
10) r 6 | 2 14 16 


4 8 te] | 
EMITTER CURRENT —I¢ -MILLIAMPERES 


EMITTER VOLTAGE - Ve -VOLTS 


5. Emitter characteristic curves, for a typical unijunction 
transistor, as a function of the base-one series resistance 
(a) and the base-two series resitance (b). 
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6. Test circuit for measuring the intrinsic stand-off ratio 
(n) uses a simple peak detector to measure the peak 
emitter voltage. Direct reading meter is set to read full 
scale by R, when the CAL button is pressed. 


variation, in narrow-range and critical circuits, 
the use of a unijunction having a narrow. range 
of » will greatly simplify the design, assure better 
temperature stability, and lower component cost. 
In addition, if the desired circuit is to operate with 
a low supply voltage, a UJT with a high value of » 
will permit a lower resistance value for the base- 
two temperature-compensating resistor (fR.,). 
This results in a higher interbase voltage (Vaz) 
which increases the control range of the emitter 
timing resistor. 

The circuit shown in Fig. 6 may be used to 
measure 7. In this circuit R,, C,; and the UJT 
form a relaxation oscillator. The remainder of the 
circuit serves as a peak-voltage detector. The 
diode automatically subtracts the emitter-diode 
voltage, Vy. To use the circuit, the “CAL” button 
is pushed and R, is adjusted until the meter reads 
full scale. The “CAL” button is then released and 
the value of » is read directly from the meter. To 
protect the unijunction, the power supply should 
havea current limit control. 

The base-one peak-pulse voltage (Voz) is an 
important measurement when pulse generation is 
desirable or required. Essentially a circuit meas- 
urement, the use of a standard test circuit allows 
for easy comparison of various devices. The output 
of the circuit shown in Fig. 7 can be monitored 
with a scope to determine all of the pulse charac- 
teristics. 

The valley current (J,) is the emitter current at 
the valley point. This current will increase as the 
interbase voltage increases, and decrease with the 
resistance in series with base-one or base-two. 
Where fast response or high-frequency operation 
is desirable, this becomes an important parameter. 
Being circuit-dependent, this measurement should 
be made on the actual circuit. 

The peak-point current (J) represents the 
minimum current which is required to trigger the 
UJT. It corresponds to the emitter current at the 
peak-point and is inversely proportional to the 
interbase voltage. In applications that require a 
high input impedance or a long timing period, this 
parameter becomes important while Jy does not. 

The circuit shown in Fig. 8 is used. to measure I>. 
While observing the meter, the potentiometer 
setting is slowly increased until the UJT fires, as 
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0 + 20V+t0.5V 


ool 


7. Base-one peak-pulse voltage may be measured by put- 
ting a scope across R,,. This simple circuit may be used 
to compare the pulse capabilities of different UJTs. For 
SCR triggering, a large pulse is desirable. 


evidenced by a sudden jump and oscillation of the 
meter needle. The current reading just prior to 
the jump is the peak-point current. 

The emitter reverse current (/J;.), similar to 
Ico in a conventional transistor, can be measured 
by applying a voltage between base-two and the 
emitter, with base-one open-circuited. Unijunc- 
tion transistors that have a guaranteed low Ip 
value generally also have a low leakage current. 
The stability of a UJT is improved as the ratio of 
the average capacitance-charging current to Igo is 
increased. 

The interbase resistance (Rz;0) is the resist- 
ance measured between base-one and base-two, 
with the emitter open-circuited. By using devices 
that have a higher Rezo rating, power dissipation 
can be decreased. This is important when higher 
values of interbase voltages are being used and 
the interbase power dissipation becomes an 
appreciable part of the total power dissipation. 
Since the interbase resistance has a positive tem- 
perature coefficient of 0.8% /°C, this characteris- 
tic can be used either for temperature compensa- 
tion or in the design of temperature sensitive 
circuits. The value of the interbase resistance can 
be measured with any conventional ohm meter or 
resistance bridge, if the applied voltage is kept at 
five volts or less. 

The emitter saturation voltage (Va;s.7)) indi- 
cates the forward drop from emitter to base- 
one when the device is in the saturation region. 
Generally, it’s measured at an emitter current of 
50 mA and an interbase voltage of 10 volts. A low 
value of emitter saturation voltage will permit the 
generation of higher amplitude sawtooth voltages 
and also allow the use of lower supply voltages. 
In general, the higher the Vox, rating a unijunc- 
tion transistor has, the lower the saturation 
voltage will be. 

The emitter reverse voltage (Vy ,,) is the 
maximum voltage rating for the emitter junction. 
This rating should never be exceeded and thus 
restricts the choice of device to one that is compat- 
ible with the supply voltage being used. 


Data list simplifies selection 


Type 1—The UJT is an excellent trigger source 
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8. Peak-point emitter current is measured with this cir- 
cuit. R, is increased until a jump in reading is observed 
on the meter. The current reading just before the jump 
is the peak-point emitter current. 


for firing  silicon-controlled-rectifiers (SCR), 
silicon-controlled-switches (SCS), and triode-ac- 
switches (Triac). The trigger pulse generated 
may represent frequency control, time delay, 
amplitude level change, or phase control. The 
base-one peak pulse voltage, Vos, is the key 
parameter for these applications. The most desira- 
ble UJT types are those with the highest value of 
guaranteed minimum Vo;;. Unijunction transis- 
tors that feature high values of Voz, ‘are especial- 
ly useful for triggering the higher-current SCRs. 
They are also preferred in circuits where the 
trigger supply voltage is low or where the size of 
the oscillator capacitance is limited. Many of the 
specification sheets will have  trigger-circuit 
design curves which assure SCR triggering over a 
temperature range. 

The minimum I, specification should also be 
considered. High values of this parameter enable 
the circuit designer to use a low resistance for Ry 
without running into a “latch-on” problem. The 
lower value of R, also increases the average 
charging current to the capacitance C,; this 
minimizes the effect of the temperature-sensitive 
leakage currents in the charging circuit. 

Type 2—In designing circuits for high-frequen- 
cy-control, short-timing-period and voltage-sens- 
ing applications, the minimum value of Iy, the 
valley current, is the key parameter. 

Higher J, ratings allow the use of lower values of 
R,. The result is a faster response time for any 
given capacitor size. Also, where large’ pulse 
outputs are required, the capacitor value may be 
increased. Finally, since Jy decreases with supply 
voltage, the higher J, ratings are an advantage for 
low-supply-voltage applications. 

Type 3—In low-frequency-control, long-timing- 
period, and current-sensing applications, the max- 
imum value of Ip, the peak-point current, is the 
key design parameter. A low Ip permits longer 
time constants (R; C,) in the emitter circuitry. 
This enables the designer to use smaller charging 
capacitors for a given timing period. These, in 
turn, will have lower leakage figures. Also, as the 
supply voltage decreases, the lower Ip rating helps 
to maintain a lower trigger-current requirement. 
This is an advantage in timing and _ level-sens- 
ing. = 8 


BG 


Unijunction 


Type 1. Pulse Generation (e.g., SCR Triggering): In order of increasing values of Vog, 


VeB2 n lEo VE (SAT) Alternate 
[max] [max] [max] [max] Sources and 


(volts) (uA) (uA) (volts) Remarks 


2N489A i needles 0.51-0.62 : ; j ; TI, T0-5 
2N490A si alee A 0.51-0.62 . : ; : TI, TO-5 
2N491A i ig 0.56-0.68 ' : j : TI, TO-5 
2N492A i ei 0.56-0.68 : ; A f TI, TO-5 
2N493A i . ‘ 0,62-0.75 i y ; TI, TO-5 


2N494A ; 0.62-0.75 : ; . : Tl, T0-5 
2N1671A i ‘ 0.47—-0.62 

2N1671B i : 0.47-0.62 : : , 

2N2160 3. ; 0.47-0.80 d j : Tl, TO-5 
2N2646 pn,AE, si e E 0.56-0.75 : : : MO, TI 


$J1034 pn,si 0.50—0.80 ‘ : T0-5 

$J5898 pn,si 3. , 0.55-0.80 4 : i 2 T-69 (Plastic Planar) 
2N2647 pn,si a % ete , 0.68-0.82 ; ; A 

$J1158 pn,si ca * oF F 0.56—-0.85 3 y ; 3 TO0-18 (Planar) 
SJ1159 pn, si pane: F 0.65-0.85 . ; : . TO-18 (Planar) 


Sr a at es Alternate 
Type ig. [min] i i [max] Sources and 
Number . os ( nA! ss (volts) Remarks 


2N3980 pn,AE,si ev 10 | 0.68-0.82 A i H d MO 

$5993 pn, Si 4.0 | 0.56-0.75 : { ; ‘ TO-18 (Planar) 
$J1127 pn,si ) 0.68—-0.82 4 i ; i TO-18 (Planar) 
2N489 pn,si 0.51—0.62 7 : A x TI, TO-5 
2N490 pn,si 0.51-0.62 ‘ , A P Tl, TO-5 


2N491 pn,si 0.56—0.68 x . , ; TI, T0-5 
2N492 pn,si By 0.56—-0.68 : : f . Tl, TO-5 
2N493 pn,si 0.62-0.75 : : : : TI, T0-5 
2N494 pn,si F 0.62—-0.75 : ; : ; TI, TO-5 
2N1671 pn,si i 0.47—-0.62 : : ; : T0-5 


VE (SAT) Alternate 
[max] Sources and 
(volts) Remarks 


2N489B i i : 0.51-0.62 ; ; : - TI, TO-5 
2N490B i : 0.51-0.62 : hs A s TI, TO-5 
2N491B i x 4 0.56—-0.68 : : : ; TI, T0-5 
2N492B 6. : 0.56—-0.68 ! ; : P Tl, T0-5 
2N494B i A : 0.62-0.75 : : ; : TI, TO-5 


2N495B l tiMeg ; 0.62-0.75 4 , : : TI, T0-5 
2N1671B : 0.47-0.62 : ‘ ; : GE, T0-5 
2N490C Oe a 0.62—-0.91 

2N492C A ; 0.62-0.91 f ; : ; 

2N494C Bi ; 0.62-0.75 i : 5 : TI, T0-5 


2N1671C 0 0.47—-0.62 


2N2647 i sia ; 0.68—-0.82 F , ; : MO, TO-18 (Planar) 
2N3980 i 0.68—-0.82 : . : : T0-18 (Planar) 


(see pages 4-9 for explanation of company abbreviations.) 
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AND 
STRIP! 


Our new Mallinckrodt photoresist stripper 

needs no added chemicals, and it 

works hot or cool. 

Here’s the organic stripper that eliminates the mess of 
mixing and, in many cases, the need for heating. New 
Photostrip 66 TransistAR®. You just pour it out and put 

it to work at room temperature. Or heat it up 

where the application requires. 

Photostrip 66 is non-flammable ‘and non-alkaline. It softens 
and removes resist quickly, without attacking aluminum 
deposits on your silicon. 

Give our new Photostrip 66 a whirl. It works beautifully and 
it’s a step faster than anything you’ve ever used before. 


For product data, write Electronic Chemicals, 
Mallinckrodt Chemical Works, St. Louis, Mo. 63160. 


Filla MALLINCKRODT CHEMICAL WORKS/ Electronic Chemicals 


M 
$ Mallinckrodt 4 Louis »* NewYork « Los Angeles 
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Siemens 
componenis 


are 


developed and produced by one 
of the world’s leading electrical 
organizations, employing 257,000 
people—15,000 in R & D alone— 
manufacturing in 33 countries 
and represented in over 100. 


include 


Ferrite materials 
Capacitors 
Electron tubes 
Microwave tubes 
Rectifiers 


offer 


advanced design, 
reliability, 

long life, 
versatility 
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Siemens 


metallized polyester capacitors 


Small size and high reliability are new 
standards set by Siemens capacitors. 
Twenty years’ experience in making 
metallized capacitors has resulted in 
advanced precision techniques which 
closely control every capacitor property, 
making them 100% “foolproof” in service. 


Less than one breakdown (self-healing) 
per year and per mF —that is the con- 
sistent average shown by tests at nominal 
voltage. 


Two-way self-healing gives double pro- 
tection. Internal voltage breakdown very 
rarely occurs. If it does, the thin metal 
coatings at the breakthrough point, vapor- 
ize immediately, eliminating the break- 
through point within microseconds. 


Electrochemical self-healing is the sec- 
ond protective process. It starts whenever 
and wherever insulation resistance de- 
creases in the dielectric material and 
operates at any voltage, eliminating the 
point electrically. 
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Highly stable capacitance. Overload tests 
(at 2.2 nominal voltage and at 85°C) show 
negligible change of characteristics. 


Small size—MKH (metallized polyester) 
capacitors are available with axial or 
radial leads, in flat compact form. Leads 
soldered to metallized ends ensure 
reliable contact. 


MKH properties. Operating temperatures: 
—40° to +125°C (for 1000 hours), +100°C 
for continuous operation. Insulation 
resistance: 20,000 megohms or 10,000 
megohms X mF, whichever is lower. Dis- 
sipation factors: 0.5% at 1 kc; 1.5% at 
10 ke (typical values). 


Immediate shipment: Substantial stocks 
are held in White Plains, N.Y. 


Write now for full information on Metal- 
lized Polyester Capacitors. 


SIEMENS AMERICA INCORPORATED 
Components Division 


230 Ferris Avenue, White Plains, N.Y. 


In Canada: SIEMENS CANADA LIMITED 


407 McGill Street, Montreal 1, P.Q. 
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2N35 
2N94 
2N94A 
2N102 
2N104 
2N109 
2N117 
2N118 
2N119 
2N120 
2N122 
2N128 
2N139 
2N140 
2N144 
2N156 
2N158 
2N158A 
2N169 
2N173 
2N174 
2N174A 
2N175 
2N176 
2N178 
2N211 
2N212 
2N213 
2N213A 
2N214 


2N215 
2N217 
2N218 
2N219 
2N219A 
2N220 
2N231 
2N233 
2N233A 
2N234A 


2N235A 
2N235B 
2N236A 
2N236B 
2N243 

2N244 

2N250A 
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How To Use The Cross Index 


Types are listed in numerical sequence. E1A-registered 
types come first, followed by house-numbered types. The 
code following each type identifies its application category 
and the block of 10 types in which it is located. A3, for ex- 
ample, means the type can be found in the third block of the 
Audio section. Key to the letter codes is: A = audio and 
general-purpose, P = power, HF = high-frequency, LL 
= low-level switching, HL = high-level switching, FET 
= field-effect, UJT = unijunction. 


A49 2N251A 
HF2 2N257 
HF3 2N262 


A4 2N268 
A23 2N268A 
oy 2N270 

2N274 
Al2 2N277 
A24 2N278 
A37 2N279 
as 2N280 
HF17 2N281 
HF3 2N282 


Bo4 2N284 
i ON284A 
ah ON285A 
a 2N285B 

2N297A 
2N301 
as 2N301A 

2N306 

P84 | 9oNn315 

ON315A 


2N315B 
acs 2N316 
HF3 2N316A 
A32 2N317 
A4O 2N317A 
A25 2N326 

2N327A 
Age | 2N328A 
HF3 2N328B 
HF8 2N239 


HL36 2N329A 
A30 2N329B 
HF94 2N330A 
HF2 2N331 
HF2 2N332 
P34 2N332A 
P34 2N333 
P34 2N333A 
P54 2N334 
P54 2N335 
A7 2N335A 
A17 2N336 
P64 2N336A 


2N337 
2N337A 
2N338 
2N338A 
2N339 
2N339A 
2N340 


2N340A 
2N341 
2N341A 
2N342 
2N342A 
2N342B 
2N343 
2N343A 
2N343B 
2N344 


2N345 
2N346 
2N350A 
2N351A 
2N356 
2N356A 
2N357 
2N357A 
2N358 
2N358A 
2N370 
2N371 
2N372 
2N374 
2N375 
2N376A 
2N384 
2N388 
2N388A 
2N389 


2N393 
2N398 
2N398A 
2N399 
2N400 
2N401 
2N404 
2N404A 
2N405 
2N406 


2N407 A30 
2N408 A30 
2N409 HF5 
2N410 HF5 
2N411 HF8 
2N412 A32 
2N414 LL10 
2N418 HL40, P34 
2N419 P35 
2N420 HL40, P35 
2N420A HL40, P35 
2N424 P61 
2N424A HL41 
2N426 LL4 
2N427 LL7 
2N428 LL11 
2N441 P85 
2N442 P85 
2N443 P85 
2N444 HF1 
2N444A HF1 
2N445 HF2 
2N445A HF2 
2N446 HF3 
2N446A HF3 
2N447 HF8 
2N447A HF8 
2N447B HF8 
2N449 A27 
2N456A P51 
2N456B HL18 
2N457A P51 
2N457B HL18 
2N458A P52 
2N458B HL18 
2N463 P52 
2N470 A4 
2N471 A4 
2N471A HF6 
2N472 A4 
2N472A A4, HF6 
2N473 HF6 
2N474 HF6 
2N474A HF7 
2N475 HF7 
2N475A HF7 


ELECTRONIC DESIGN 


VERSATILE—Joins virtually any combination of materials. 


dh . 7 4 HIGH STRENGTH—Up to 5,000 Ib. /in.? depending on the materials. 
a esive READY TO USE—No catalyst or mixing necessary. 
CURES AT ROOM TEMPERATURE—No heat required to initiate or 


like % accelerate setting. 
« CONTACT PRESSURE SUFFICIENT. 


EASTMAN Estman | _. 23 LOW SHRINKAGE—Virtually no shrinkage on setting as neither sol- 
ISIMAN 910 vent nor heat is used. 
910° i; 


GOES FAR—One pound contains about 30,000 one-drop applications. 


(Or in more specific terms, approximately 20 fast setting one-drop 
Adhesive ° 


There iS no iy SETS FAST—Makes firm bonds in seconds to minutes. 
2 


applications for a nickel). 


The use of EASTMAN 910 Adhesive is not suggested at prolonged temperatures above 
175°F., or in the presence of extreme moisture for prolonged periods. 


sr at Hammon 
Kimosront, 


SHEAR STRENGTH OF BONDS 


Time to Representative 


. Time to Representative 
Firm Set Shear Strength} s Firm Set Shear Strengtht+ 
Bond Type Ne ya (psi) Age of Bond . Bond Type (minutes) (psi) Age of Bond 
Aluminum- hes Gi 1,484 10 mins. S Butyl- V2 114! 15 mins. 
Aluminum : 2,188 “Lhe. . Phenolic 178! 2 yrs.2 
2,700 48 hrs. : 
2,800 (Tensile) 24 hrs. ° wee Ve 112! 15 mins. 
Steel-Steel 2 1,362 10 mins. i ee re ave 
2,224 1 hr. e Nylon-Nylon 1 327 10 mins. 
2,800 48 hrs. < 1,400 48 hrs. 
. . >i Saw Tensile) Be he: : Nylon-Aluminum 1 500 10 mins. 
Aluminum-Steel 10 84 10 mins. : 1,436 48 hrs. 
173 lhr ° 956 1 yr.4 
I 1,007 10 mins : 1,024 2 yrs.4 
(with surface 1,653 lhr. . : 5 
activator*) : Phenolic-Phenolic 5 747 10 mins. 
ctu tit 5 3 4 
Butyl Rubber- v3 51 10 mins. : sia na by 
Butyl Rubber - = : b. 63 4 yrs.2 . Phenolic- 1 647 10 mins. 
= : —s ; . Aluminum 920 48 hrs. 
Butyl Rubber- i 52! 10 mins. ; 
Steel 76! 4 yrs.2 ° 348 2yts.t 
Butyl Rubber- a 73! 10 mins. * —_ Polyester- 1 696 48 hrs. 
Aluminum 69! 4 yrs.2 ° Stainless Steel 664 6 mos.4 
i e 4 
SBR Rubber- Yo 901 10 mins. ; ioc la 
SBR Rubber 56! 4 yrs.2 e Acrylic- 1 6203 6 mos.4 
88! 30 days, salt : Stainless Steel 4843 1 yr.4 
spray cycle : 488 2 yrs.4 
fae | < Flexible Vinyl- 1 2073 6 mos.4 
‘ : . Aluminum 1923 ‘yrs 
Neoprene Rubber- 2 54! 10 mins. ; 2003 2 yrs.4 
Neoprene Rubber 45 4 yrs.2 3 as aay fea 
Natural Rubber- Ya 46! ~ 10 mins. : * Solvatrrane 70 1 a 
Natural Rubber 39 4 yrs.2 = % 4473 10 mins. 
SBR Rubber- We 95! 10 mins. : (with surface 
Butyrate 110! 2 yrs.2 ° activator*) 
112! days, salt 
x saiey cycle . Polypropylene- 2 180 24 hrs. 
(ASTM B117-57T) . Polypropylene 2 4113 24 hrs. 
~ - ° (Flame treated 
SBR Rubber- Y2 105! 10 mins. ° polypropylene) 
Phenolic 110! 2 yrs.2 - WY 4013 15 mins. 
Butyl- Ip 102! 15 mins. ; (with surface — (Flame-treated 
Polyester 154 2 yrs.2 : activator*) polypropylene) 
tLaboratory test results ‘rubber failure 2weathered outdoors 3plastic failure 450% Relative Humidity and 75°F. 


*In certain cases, most notably those involving polystyrene, pickled or dissimilar metal surfaces, bonding with EASTMAN 910 Adhesive is sometimes slow. EASTMAN 910 
Surface Activator is designed to restore the rapid polymerization of the adhesive. It is also quite valuable in maintaining consistent results in production line bonding 
situations. Further information on this product is available. 


Other materials that can be bonded successfully with polyolefin and acetal plastic bonds are significantly improved 
EASTMAN 910 Adhesive are: polyurethanes, acetal resins; _ by flame treatment of the plastic material prior to bonding 
most hard woods; brass, copper. Recent work indicates that (shear strengths up to 500 psi). 


If you have applications in which extreme speed of setting is needed, or where design requirements involve small joining surfaces, 
complex mechanical fasteners, or heat sensitive assemblies, EASTMAN 910 Adhesive may save you many man-hours of production 
time. Send $10 for a trial kit to use on your toughest bonding job. Kits and further information are available from Armstrong Cork 
Co., Industry Products Division, Lancaster, Pennsylvania, or from Chemicals Division, Eastman CuemicaL Propucts, INc., subsidiary 
of Eastman Kodak Company, Kingsport, Tennessee. 
See Sweet’s 1966 Product Design File 8a/Ea. 
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2N476 
2N477 
2N478 
2N479 


2N479A 
2N480 

2N480A 
2N489 

2N489A 
2N489B 
2N490 

2N490A 
2N490B 
2N490C 


2N491 
2N491A 
2N491B 
2N492 
2N492A 
2N492B 
2N492C 
2N493 
2N493A 
2N494. 
2N494A 
2N494B 
2N494C 
2N495 
2N495B 
2N496 
2N497 
2N497A 
2N498 
2N498A 


2N499 
2N499A 
2N501 
2N501A 
2N502 
2N502A 
2N502B 
2N503 
2N504 
2N508A 


2N511 
2N511A 
2N511B 
2N512 
2N512A 
2N512B 
2N513 
2N513A 
2N513B 
2N514 


2N514A 
2N514B 
2N515 
2N516 
2N517 
2N519 
2N519A 
2N520 
2N521 
2N522 
2N522A 
2N523 
2N523A 
2N524A 
2N525A 
2N526A 
2N527A 
2N528A 
2N529 
2N530 
2N531 
2N532 
2N533 
2N538 


124 


2N538A P44 
2N539 P44 
2N539A P44 
2N540 P44 
2N540A P44 
2N541 HF8 
2N542 HF9 
2N542A HF9 
2N543 HF9 
2N543A A35 
2N545 HL26 
2N546 HL26 
2N547 HL26 
2N548 HL26 
2N549 HL27 
2N550 HL27 
2N551 HL26 
2N552 HL26 
2N554 P58 
2N555 P58 
2N563 Al3 
2N564 A13 
2N565 A27 
2N566 A27 
2N567 A38 
2N568 A38 
2N569 A42 
2N570 A42 
2N571 A45 
2N572 A46 
2N574 P98 
2N574A P98 
2N575 P98 
2N575A P98 
2N579 LL10 
2N580 LL13 
2N581 LL10, HF7 
2N582 LL15, HF11 
2N583 LL10 
2N585 LL5 
2N586 LL37 
2N588 HF49 
2N591 A31 
2N594 LL4 
2N595 LL5 
2N596 LL7 
2N602 HF9 
2N603 HF13 
2N604 HF18 
2N605 HF18 
2N606 HF18 
2N607 HF18 
2N618 HL2 
2N627 P65 
2N628 P65 
2N629 P65 
2N637 HL41, P65 
2N637A HL41, P65 
2N637B HL41, P65 
2N638 HL41, P65 
2N638A HL41, P65 
2N638B HL41, P66 
2N647 A31 
2N649 A30 
2N650 A16 
2N650A A16 
2N651 A26 
2N651A A26 
2N652 A39 
2N652A A39 
2N653 A16 
2N654 A26 
2N655 A4O 
2N656 HL41, P14, HF94 
2N656A P15 
2N657 HL41, P14, HF95 
2N657A P15 
2N658 Al4 


2N659 A22 
2N660 A30 
2N661 A34 
2N662 Al4 
2N663 P46 
2N665 P46 
2N669 P66 
2N677 P66 
2N677A P66 
2N677B P66 
2N677C P66 
2N678 PS2 
2N678A P52 
2N678B P52 
2N678C P52 
2N696 HL32, P7, HF27 
2N697 P7, HF30 


2N698 HL28, P12, HF21 
2N699  HL32, P7, HF27 


2N699B P15 
2N700 HF80 
2N700A HF90 
2N702 LL22, HF43 
2N703 LL22, HF43 
2N705 Lt 37 
2N706 _ LL30, P3, HF74 
2N706/51 HF49 
2N706A LL31, HF95 
2N706A/51 HF49 
2N706B LL31, HF74 
2N706B/46 HF49 
2N706B/51 HF49 
2N706C/46 HF49 
2N706C/51 HF49 
2N707 LL31, P3, HF74 
2N707A LL37 
2N708. HL39, LL31, P3, 

HF75 
2N709 _LL35, Pl, HF87 
2N709/46 HF84 
2N709/51 HF84 
2N709A HF88 
2N709A/46 HF88 
2N709A/51 HF88 
2N710 LL37, HF95 
2N711 LL38 
2N711A LL38 
2N711B LL38 
2N715 HF95 
2N716 HF95 


2N717. ~. HL30,,P5, HFZ1 
2N718 — HL33,:P5, HF27 
2N718A HL33, P6, HF27 
2N719  HL30, P5, HF21 
2N719A_ HL30, P6, HF21 
2N720 = HL33, P6, HF28 
2N720A HL30, P6, HF21 


2N721 HL31, P6 
2N722 HL34, P6 
2N725 LL38 
2N726 A5 
2N727 A14 
2N728 HF30 
2N729 HF30 
2N730 HL42 
2N731 HL42 
2N734 AQ 
2N735 A19 
2N735A HF47 
2N736 A34 
2N736A A28 
2N736B HF49 
2N738 AQ, HF95 
2N739 A19, HF95 
2N739A HF47 
2N740 A35, HF95 
2N740A HF50 


2N741 HF73 


2N741A HF74 
2N742 LL31 
2N743 HF96 
2N743/46 HF89 
2N743/51 HF89 
2N744 LL38, HF96 
2N744/46 HF89 
2N744/51 HF89 
2N752 HF50 
2N753 HF96 
2N754 HF13 
2N755 HF13 
2N756 A5 
2N756A A5 
2N757 A8 
2N758 A8 
2N758A AQ 
2N758B HF43 
2N759 A19 
2N759A A19 
2N759B HF47 
2N760 A34 
2N760A A34 
2N760B HF50 
2N768 HF40 
2N769 HF84 
2N779A HF70 
2N780 A17 
2N781 LL38, HF96 ~ 
2N782 LL38, HF96 
2N783 HF50 
2N784 HF65 
2N784A LL27, HF65 
2N784/51 HF65 
2N794 LL17, HF15 
2N795 LL17, HF15 
2N796 LL18, HF18 
2N797 LL38, HF96 
2N827 LL25 
2N828 LL31, HF75 
2N828A HF75 
2N829 HF75 
2N834 LL29, HF78 
2N834/46 HF71 
2N834/51 HF71 
2N835_—LL27, HF65, 80 
2N835/46 HF65 
2N835/51 HF65 
2N838 LL27 
2N840 HF13 
2N841 HF15 
2N842 LL16, HF13 
2N843 LL17, HF16 
2N844 HF18 
2N845 HF18 
2N846A HF70 
2N849/T1-430 _—LL38, 
HF96 
2N850/T1-431 LL38, 
HF96 
2N851/T1-422 _—LL38, 
HF96 
2N852/T1-423 —L1.39, 
HF96 
2N858 LL7 
2N859 LL7 
2N860 LL9 
2N861 LL9O 
2N862 LL11 
2N863 LL11 
2N864 LL14 
2N865 LL16 
2N869 P3, HF50 
2N869A HF83 


2N870  HL33, P7, HF28 
2N871 HL35, P7 HF30 


2N909 HL31 
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2N910_ ~—*HL33, 
2N911 ~——HL32, 
2N912_~=~¥HL3 1, 
2N914 


P7, HF28 
P7/HFZ3 
P7, HF21 
P4, HF72 


2N914/46 HL22, LL27, 


2N914/51 


HF65 
HF65 


2N915 HL38, P4, HF66 
2N916 HL39, P4, HF75 


2N917 A24,HL40, LL35, 
H 


F88 


2N918 A24, LL36, HF89 


2N923 A5 
2N924 Al2 
2N925 A4 
2N926 All 
2N927 Al 
2N928 A8 
2N929 A28, HF97 
2N929A HF57 
2N930 A42, HF97 
2N930A HF64 
2N934 Al19 
2N935 A2 
2N936 A7 
2N937 Als 
2N938 A2 
2N939 A7 
2N940 A1g 
2N941 LL14 
2N942 LL11 
2N943 LL3 
2N944 LL3 
2N945 LL3 
2N946 LL3 
2N947 HL38, P4, HF57 
2N955 HF90 
2N955A LL36 
2N956 HF30 
2N957~ A228; (P2,: HESZ 
2N960 LL33,.HE79 
2N961 LL33, HF79 
2N962 HF79 
2N963 HF66 
2N964 LL33, HF79 
2N964A HF79 
2N965 LL33, HF79 
2N966 LL33, HF79 
2N967 HF66 
2N968 HF70 
2N969 HF70 
2N970 HF70 
2N971 HF70 
2N972 HF70 
2N973 HF71 
2N974 HF71 
2N975 HF71 
2N976 HF84 
2N978 HL31, P4 
2N979 HF30 
2N980 HF30 
2N982 HF78 
2N983 HF78 
2N984 HF72 
2N985 LL39, HF97 
2N987 HF31 
2N988 HF66 
2N989 HF66 
2N990 HF26 
2N993 HF26 
2N995 P4, HF43 
2N996 P4, HF57 
2N997 A49 
2N998 HF97 
2N999 LL39 
2N1000 LLO 
2N1010 A17 
2N1011 HL42, P45 
2N1012 LL5 
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Simultaneous Mass Allachment o! Components 
means LOWER COST Hybrid Film Microcircuis 


Mepco’s S.M.A.C. technique eliminates many 
of the slow, costly individual handling 

and joining processes that had been required 
to produce high quality film hybrid 
microcircuits. This technique results in 
lower production costs for custom designed 
hybrid microcircuits. This means 

lower costs to you! 


If your programs call for custom-designed 
film hybrid microcircuits, in high volume, 

at lower costs, and with faster delivery dates 
than you thought possible, then be sure to 
call Mepco... Ask about S.M.A.C. Find 

out how this new breakthrough in 
mass-producing film hybrid microcircuits 
can benefit your production plans. 


MEPCO, INC. 


mV AY Ae COLUMBIA ROAD, MORRISTOWN, NEW JERSEY 
07960 (201) 539-2000 

MANUFACTURERS OF PRECISION 

ELECTRONIC DEVICES 
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2N1014 
2N1015 
2N1015A 
2N1015B 
2N1015C 


2N1015D 
2N1015E 
2N1016 

2N1016A 
2N1016B 
2N1016C 
2N1016D 
2N1016E 
2N1021 

2N1022 


2N1023 
2N1024 
2N1025 
2N1026 
2N1027 
2N1028 
2N1031 
2N1031A 
2N1031B 
2N1031C 
2N1032 
2N1032A 
2N1032B 
2N1032C 
2N1034 
2N1035 
2N1036 
2N1037 
2N1038 
2N1039 


2N1040 
2N1041 
2N1042 
2N1043 
2N1044 
2N1045 
2N1046 
2N1046A 
2N1046B 
2N1047 
2N1047A 
2N1047B 
2N1047C 
2N1048 
2N1048A 
2N1048B 
2N1048C 
2N1049 
2N1049A 
2N1049B 
2N1049C 
2N1050 
2N1050A 
2N1050B 
2N1050C 
2N1051 
2N1052 
2N1054 
2N1055 
2N1058 


2N1059 
2N1060 
2N1065 
2N1066 
2N1067 
2N1068 
2N1069 
2N1070 
2N1073A 
2N1073B 


2N1079 
2N1080 
2N1082 
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HL11, P86 


P53 
HL43, P54 
HL43, P54 
P54 
P55 
AA 


2N1086 
2N1086A 
2N1087 
2N1090 
2N1087 
2N1091 


2N1097 
2N1098 
2N1099 
2N1100 
2N1101 
2N1102 
2N1116 
2N1117 
2N1118 
2N1118A 


2N1119 
2N1120 
2N1121 
2N1122 
2N1122A 
2N1131 
2N1131A 
2N1132 
2N1132A 
2N1132B 


2N1136 
2N1136A 
2N1136B 
2N1137 
2N1137B 
2N1138 
2N1138A 
2N1138B 
2N1139 
2N1141 


2N1141A 
2N1142 
2N1142A 
2N1143 
2N1143A 
2N1144 
2N1145 
2N1146 
2N1146A 
2N1146B 


2N1146C 
2N1147 
2N1147A 
2N1147B 
2N1147C 
2N1149 
2N1150 
2N1151 
2N1152 
2N1153 


2N1154 
2N1155 
2N1156 
2N1157 
2N1157A 
2N1162 
2N1162A 
2N1163 
2N1163A 
2N1164 
2N1164A 
2N1165 
2N1165A 
2N1166 
2N1166A 
2N1166A 
2N1167 
2N1167A 
2N1169 
2N1170 


LL7, HF4 


2N1175A 
2N1177 
2N1178 
2N1179 
2N1180 
2N1183 
2N1183A 
2N1183B 
2N1184 


2N1184A 
2N1184B 
2N1185 
2N1186 
2N1187 
2N1188 
2N1189 
2N1190 
2N1191 
2N1192 


2N1193 
2N1194 
2N1195 
2N1202 
2N1203 
2N1204 
2N1204A 
2N1206 
2N1207 
2N1208 


2N1209 
2N1210 
2N1211 
2N1212 
2N1216 
2N1218 
2N1219 
2N1220 
2N1221 
2N1222 
2N1223 
2N1224 
2N1225 
2N1226 
2N1228 
2N1229 
2N1230 
2N1231 
2N1232 
2N1233 
2N1234 
2N1235 
2N1238 
2N1239 
2N1240 
2N1241 
2N1242 
2N1243 
2N1244 
2N1247 


2N1248 
2N1251 
2N1252 


2N1253 


2N1254 
2N1255 
2N1256 
2N1257 


2N1258 
2N1259 
2N1260 
2N1261 
2N1262 
2N1263 
2N1273 
2N1274 
2N1275 


Al6 
A23 
A40 
A45 
LL34, HF83 
P44 


A32 
HL33, LL19, P8, 
HF28 
HL36, LL21;.P8; 
H 


2N1276 LL13 
2N1277 LL13 
2N1278 LL13 
2N1279 LL14 
2N1300 LL17, HF16 
2N1301 LL17, HF21 
2N1302 LL40 
2N1303 LL40 
2N1304 LL40 
2N1305 LL40 
2N1306 LL40 
2N1307 LL40 
2N1308 LL40 
2N1309 LL40 
2N1309A LL14 
2N1310 AQ 
2N1311 A6 
2N1312 AQ 
2N1319 LL8 
2N1335 P10, HF23 
2N1336 P10, HF23 
2N1337 P10, HF23 
2N1338 P10, HF23 
2N1339 P10, HF23 
2N1340 Pll, HF24 
2N1341 Pll, HF24 
2N1342 Pll, HF24 
2N1358 P87 
2N1359 P70 
2N1360 P70 
2N1362 P70 
2N1363 P70 
2N1364 P70 
2N1365 P70 
2N1370 A20 
2N1371 A20 
2N1372 AQ 
2N1373 AQ 
2N1374 A20 
2N1375 A20 
2N1375 A20 
2N1376 A28 
2N1377 A28 
2N1378 A33 
2N1379 A33 
2N1380 AQ 
2N1381 A10 
2N1382 A20 
2N1383 A10 
2N1384 LL15 
2N1391 HF2 
2N1392 A50 
2N1393 A50 
2N1394 A3 
2N1395 HF13 
2N1396 HF31 
2N1397 HF39 
2N1404 LL41 
2N1404A LL41 
2N1408 A3 
2N1409 HL15, P11, 

HF16, 18 
2N1410 HL15, P11, 

HF16, 18 
2N1411 HF12 
2N1412 P87 
2N1412USN P87 
2N1413 A20 
2N1414 A28 
2N1415 A35 
2N1417 HF15 
2N1418 HF15 
2N1420 HL35, P8, HF31 
2N1427 HF18 
2N1429 HF11 
2N1430 P53, 59 
2N1431 A33 
2N1439 Al 


ELECTRONIC DESIGN 


2N1440 
2N1441 
2N1442 


2N1443 
2N1444 
2N1445 
2N1469 
2N1474 
2N1474A 
2N1475 
2N1476 
2N1477 
2N1479 


2N1480 
2N1481 
2N1482 
2N1483 
2N1484 
2N1485 
2N1486 
2N1487 
2N1488 
2N1489 


2N1490 
2N1491 
2N1492 
2N1493 
2N1494 
2N1494A 
2N1495 
2N1496 
2N1499 
2N1499A 
2N1499B 
2N1500 
2N1501 
2N1502 
2N1505 
2N1506 
2N1506A 
2N1507 
2N1510 
2N1511 


2N1512 
2N1513 
2N1514 
2N1518 
2N1519 
2N1520 
2N1521 
2N1522 
2N1523 


2N1524 
2N1525 
2N1526 
2N1527 
2N1529 
2N1529A 
2N1530 
2N1530A 
2N1531 
2N1531A 
2N1532 
2N1532A 
2N1533 
2N1534 
2N1534A 
2N1535 
2N1536 
2N1536A 
2N1537 
2N1537A 
2N1538 
2N1539 
2N1539A 
2N1540 
2N1540A 


HF64 
HF48, 66 
LL21 
LL21 
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General Electric... 
Top Source for 
Semiconductor 


General Electric is geared to produce a broad line of semiconductor parts. 
Make G. E. your one source for all components such as: 


Component Assemblies—Semiconductor lead-in wires—Dumet “slug” leads 
—molybdenum “slug” leads—whisker welds and other 2 or 3 part welded 
lead wires—molybdenum diode slugs—plastic transistor headers—plastic 
integrated circuit packages. 


Lead and Interconnection Wires—Tungsten, molybdenum, and borated 
Dumet wire for glass to metal sealing—unborated and gold plated Dumet 
for interconnections and “pigtail” leads—tungsten and molybdenum 
whisker wire, bare or gold plated. 


Sheet and Discs—Molybdenum and tungsten sheet—molybdenum and 
tungsten discs (punched, pressed and sintered, cut from rod). 


Evaporative Sources for Functional Coatings—Stranded tungsten metalliz- 
ing wire and coils—tungsten and molybdenum boats. 


And More! Get all the data. Write or call for our new booklet “Products for 
the Semiconductor Industry.” General Electric Lamp Metals & Ccmponents 
Dept., 21800 Tungsten Rd., Cleveland, Ohio 44117. Tel: (216) 266-2970 


Progress /s Our Most Important Product 


GENERAL @ ELECTRIC 
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2N1541 P72 
2N1541A P73 
2N1542 P73 
2N1542A P73 
2N1543 P73 
2N1544 P73 
2N1544A P73 
2N1545 P73 
2N1545A P73 
2N1546 P74 
2N1546A P74 
2N1547 P74 
2N1547A P74 
2N1548 P74 
2N1549 P74 
2N1549A P74 
2N1550 P74 
2N1551 P74 
2N1551A P74 
2N1552 P74 
2N1552A P74 
2N1553 P75 
2N1553A P75 
2N1554 P75 
2N1554A P75 
2N1555 P75 
2N1555A P75 
2N1556 P75 
2N1556A P75 
2N1557 P75 
2N1557A P75 
2N1558 P76 
2N1558A P76 
2N1559 P76 
2N1559A P76 
2N1560 P76 
2N1560A P76 
2N1561 P12, HF80 
2N1562 P12, HF78 
2N1564 A10, HF98 
2N1565 A20, HF98 
2N1566 A35, HF98 
2N1566A A28 
2N1572 A10, HF98 
2N1573 A20, HF98 
2N1574 A35, HF98 
2N1586 A3 
2N1587 A3 
2N1588 A3 
2N1589 A13 
2N1590 A13 
2N1591 A13 
2N1592 A31 
2N1593 A31 
2N1594 A32 
2N1605 LL6 
2N1605A LL6 
2N1613 HL34, P12, HF28 
2N1614 LL3 
2N1615 P16 
2N1616 P55 
2N1618 P55 
2N1620 HL26, P55 
2N1622 A20 
2N1623 A13 
2N1631 HF17 
2N1632 HF17 
2N1637 HF17 
2N1638 HF16 
2N1639 HF17 
2N1640 LL2 
2N1641 LL2 
2N1642 LL4 
2N1643 A3 
2N1646 HF99 
2N1647 P49 
2N1648 P49 
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2N1649 P49 
2N1650 P49 
2N1654 A15 
2N1655 A6 
2N1656 A15 
2N1666 HL18 
2N1667 HL18 
2N1668 HL19 
2N1669 HL19 
2N1671 UJT2 
2N1671A UJT1 
2N1671B UJT1, 3 
2N1671C UJT3 
2N1672 A10 
2N1672A A3 
2N1676 LL14 
2N1677 LL14 
2N1683 LL17, HF19 
2N1690 P49 
2N1691 P49 
2N1692 P13 
2N1693 P13 
2N1694 LL5 
2N1700 P16 
2N1701 HL13 
2N1702 HL12 
2N1703 P60 
2N1705 A32 
2N1707 A17 
2N1708 LL23 
2N1709 P27, HF44 
2N1710 P27, HF40 
2N1711 HL35, P13, HF31 
2N1714 P23 
2N1715 P23 
2N1716 P24 
2N1717 P24 
2N1718 P24 
2N1719 P24 
2N1720 P24 
2N1721 P24 
2N1722 P53 
2N1722A P53 
2N1723 P53 
2N1724 P53 
2N1724A P53 
2N1725 P53 
2N1726 HF31 
2N1727 HF31 
2N1728 HF32 
2N1742 HF99 
2N1743 HF99 
2N1744 HF99 
2N1745 HF99 
2N1746 HF32 
2N1747 HF32 
2N1748 HF28 
2H1748A HF32 
2N1749 HF28 
2N1752 HF19 
2N1754 LL22, HF99 
2N1755 P38 
2N1756 P38 
2N1757 P38 
2N1758 P38 
2N1759 P38 
2N1760 P38 
2N1761 P38 
2N1762 P39 
2N1768 HL15 
2N1769 HL15 
2N1785 HF19 
2N1786 HF19 
2N1787 HF19 
2N1788 HF32 
2N1789 HF32 
2N1790 HF32 


2N1808 
2N1809 
2N1810 
2N1811 
2N1812 
2N1813 
2N1814 
2N1816 
2N1817 


2N1818 
2N1819 
2N1823 
2N1824 
2N1825 
2N1826 
2N1830 
2N1831 
2N1832 
2N1833 


2N1837 
2N1838 
2N1839 
2N1840 
2N1853 
2N1854 
2N1864 
2N1865 


2N1866 
2N1867 
2N1868 
2N1893 
2N1893A 


2N1899 
2N1900 
2N1901 
2N1902 


2N1903 
2N1904 
2N1905 
2N1906 
2N1907 
2N1908 
2N1917 
2N1918 
2N1919 
2N1920 
2N1921 
2N1922 
2N1924 
2N1925 
2N1926 
2N1936 
2N1937 
2N1943 
2N1958 
2N1958A 


2N1959 
2N1959A 
2N1960 
2N1961 
2N1962 
2N1963 
2N1964 
2N1965 
2N1972 


LL6 
HL3, P106 


HL4, P107 
HL4, P107 
HL37, P8 
HL35, P8 
HL35, P8 
HL35, P9 
LL41 

LL17 
HF19 
HF99 


HF99 
HF99 
HF99 
HF19 
HL36, P13, 
HF32 
HL29, P83 
P83, HF20 
HL29, P83 
HL29, P83 
P83, HF20 
HL29, P83 
P53 

P53 

HL2, P55, HF9 
HLS, P55; -HF9 
LL41 

LL41 

LL41 

LL41 

LL42 

LL42 

A30 

A36 

A41 

P87 

P87 

P14 

HF32 
HF32 


HF33 
HF33 
HF100 
HF100 
HF50 
HF50 
HF33 
HF33 
HL31, HF21 


2N1973 HL34, P13, HF28 


2N1974 


HL32, P13, HF9 


2N1975 HL31, P13, HF22 
2N1978 HL29, P39, HF19 


2N1983 
2N1984 
2N1985 
2N1986 
2N1987 
2N1988 
2N1989 


HL28, P9, HF14 
HL28, P9, HF14 
HL28, P9, HF14 
HL29, P9, HF19 
HL29,P9, HF19 
HL29, P9, HF20 
HL30, P9, HF20 


2N1990 HL44, P9, HF100 


2N1991 
2N1992 
2N1994 
2N1995 
2N1996 
2N1997 
2N1998 
2N1999 
2N2000 
2N2001 
2N2015 
2N2016 
2N2017 
2N2018 
2N2019 
2N2020 
2N2021 
2N2038 
2N2039 
2N2040 


2N2041 
2N2042 
2N2042A 
2N2043 
2N2043A 
2N2048 
2N2048A 
2N2049 
2N2060 
2N2060A 


2N2061A 
2N2062A 
2N2063A 
2N2064A 
2N2065A 
2N2066A 
2N2067 
2N2067B 
2N2067G 
2N2067-O 
2N2067W 
2N2068 
2N2068G 
2N2068-0 
2N2075 
2N2075A 
2N2076 
2N2076A 
2N2077 
2N2077A 


2N2078 
2N2078A 
2N2079 
2N2079A 
2N2080 
2N2080A 
2N2081 
2N2081A 
2N2082 
2N2082A 


2N2084 
2N2089 
2N2092 
2N2093 
2N2095 
2N2096 
2N2097 
2N2098 
2N2099 
2N2100 


2N2102 
2N2106 
2N2107 
2N2108 
2N2109 
2N2110 
2N2111 


HL30, P9 
LL34 
LL42 
LL42 
LL42 
LL42 
LL42 
LL42 


LL25, HF44 


HF44 


HL4, P108 


HL4, P108 


HL4, P108 
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d circuits. 


A unique new way to prevent 
hidden defects in IC’s. 


Only Westinghouse production lines 
use anything like this 18-wafer carrier 
(cover and below). It vastly reduces 
a major cause of hidden potential 
failures in IC’s...the oxide faults and 
scratches from tweezer-handling of 
wafers. At Westinghouse, 18 wafers 
at a time go from one mechanized 
work station to another without 
being touched by tweezers. The 
benefit for you: a new order of 
reliability in IC’s. 


A 200X eye on 
alignment and contacts. 


This is how closely Westinghouse 
quality control people look at every 
IC wafer. Each one undergoes micro- 
scopic inspection. If any diffusion 
pattern or metallized contact isn’t 

in perfect alignment, it shows up 200 
times life size. Westinghouse takes 

a big look at quality. 


100% electrical testing. 


You’re looking through a microscope 
as 18 electrical probes contact 
active test points on an IC wafer. 
Once aligned, this automatic 
machine indexes precisely... running 
elaborate electrical tests for every 
device on the wafer. Every circuit. 
Not just samples. 


Continuous strip bonding of IC’s. 


Here’s another mechanized 
Westinghouse production step that 
eliminates defects caused by manual 
handling of assemblies. Glass and 
Kovar® packages are fed on strips 
through final assembly, not handled 
one by one. They come out as finished 
flat packs. Result: no mangled leads, 
scratched gold plating, or stresses in 
the glass-to-metal seal which could 
later cause hermetic failure. 


Unique inside look at an 
operating integrated circuit. 


The exclusive Westinghouse Scanning 
Electron Microscope is the only one 
in the integrated circuit field. On a 
CRT, it displays what’s happening 

5, 10, or any number of microns 
inside the solid silicon of an operating 
IC chip. The picture here shows the 
isolation wall p-n junction of a 
typical flip-flop. It could be seen in 
no other way without cutting apart 
the silicon circuit. Such pictures 
reveal imperfections which elude all 
conventional electrical and visual 
tests. They lead to design changes 
for even more reliable IC’s. 


Exhaustive high-temperature 
test cycles. 


Exposed to elevated temperatures 
for up to 1000 hours, Westinghouse 
integrated circuits undergo batteries 
of actual power-on tests. After this 
workout, the IC’s are put through 
even more complex electrical and 
mechanical tests checking dozens of 
parameters. During all phases of 
environmental and final testing, the 
IC’s are completely protected against 
handling damage. They remain in 
AUTO-PAK® carriers and test board 
systems, as shown here. Here’s extra 
assurance they will be shipped to 
you in perfect ‘‘as tested’”’ condition. 


You can be sure 
if it's Westinghouse 


Space projects 
and you both get 
ultimate IC 
reliability from 
Westinghouse 


The Westinghouse IC’s you buy are 
virtually as reliable as those used in 
missiles and satellites. The reason: 
production and quality control steps 
developed for Defense Department 
reliability programs... particularly 
with North American Aviation’s 
Autonetics Division for the 
Minuteman program...are standard 
Westinghouse procedures. 


On the previous pages, you’ve just 
seen four examples. The 18-wafer 
carrier, the continuous strip bonders, 
the unique scanning microscope, 
and our high-temperature test cycles 
all resulted from development 
contracts with the Air Force 
Materials Laboratory, Manufacturing 
Technology Division. All contribute 
reliability by helping us prevent 
hidden defects. All raise IC 
production yields, thus making 
Westinghouse IC’s more economical. 


The happy result is unmatched 
reliability and value...both yours at 
once when you specify Westinghouse 
integrated circuits. 


Let us send you information on 
Westinghouse integrated circuits. 
Write Westinghouse Electric 
Corporation, Molecular Electronics 
Division, Box 7377, Elkridge, 
Maryland 21227, 


You can be sure 
if it's Westinghouse 


-09130 Printed in U.S.A. 
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2N2112 
2N2113 
2N2114 


2N2116 
2N2117 
2N2118 
2N2119 
2N2123 
2N2124 
2N2125 
2N2126 
2N2130 
2N2131 


2N2132 
2N2133 
2N2137 
2N2137A 
2N2138 
2N2138A 
2N2139 
2N2139A 
2N2140 
2N2140A 


~N2141 
(2141A 
V2142 
{2142A 
12143 
{2143A 
V2144 
N2144A 
N2145 
*N2145A 


2N2146 
2N2146A 
2N2147 
2N2148 
2N2150 
2N2151 
2N2152 
2N2152A 
2N2153 
2N2153A 


2N2154 
2N2154A 
2N2156 
2N2156A 
2N2157 
2N2157A 
2N2158 
2N2158A 
2N2160 
2N2162 


2N2163 
2N2164 
2N2165 
2N2166 
2N2167 
2N2168 
2N2169 
2N2170 
2N2171 
2N2173 
2N2177 
2N2178 
2N2185 
2N2186 
2N2187 


LLO 


2N2188 LL43, HF29, 100 
2N2189 LL43, HF39, 100 
2N2190 LL43, HF29, 100 
2N2191 LL43, HF39, 100 


2N2192A 
2N2193A 


2N2194A 
2N2195A 
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P11, HF100 
HL36, P11, 
HF41 
HL36, P11, 
HF41 
HL36, P11, 


KLixoN 


PRECISION CONTROLS 


New TI cooling effect 
detector revolutionizes 
overheat protection 

of forced-air-cooled 
equipment! 


KLIXON® 2ST Cooling Effect Detectors combine unprecedented 
sensitivity, reliability, simplicity and economy to prevent harmful 
overheating in computers, radar and microwave systems, 

copying machines, film projectors and other fan-cooled equipment. 
They completely eliminate the need for vane switches and thermostats. 


fi 

| 
Reliable solid-state sensing makes the difference! The sensor is a 
self-heated NTC (negative temperature coefficient) resistor. | 
Mounted in the air stream and connected in series with a special 
rating of the KLIXON 4MC magnetic circuit breaker, it monitors 
the cooling capacity of the air stream. Loss of cooling effect 
as a result of clogged inlets, fan failure, air conditioner loss, or any 
combination of these causes a sharp drop in sensor resistance. 
The resultant increased current will trip the circuit breaker. 


Unlike conventional thermistors, KLIXON 2ST Detectors sense over their entire 
surface, instead of only one point. This simplifies installation and mounting. Moreover, 
they can handle directly a current large enough to actuate a circuit breaker 

without intermediate amplification. They can be designed to operate 

at any voltage between 3 and 24 v-dc/60 cycle ac. 


Bulletin PRET-16 gives you all the facts you need to evaluate these exclusive 
TI developments. Write for your copy today. 


e) METALS & CONTROLS INC. 
5105 FOREST ST.. ATTLEBORO. MASS 
A CORPORATE DIVISION OF 


TEXAS INSTRUMENTS 
INCORPORATED 
ON READER-SERVICE CARD CIRCLE 35 
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2N2195A 
2N2196 
2N2197 
2N2201 
2N2202 
2N2203 
2N2204 
2N2205 


2N2206 
2N2207 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 


2N2222 
2N2222A 
2N2223 
2N2223A 
2N2225 
2N2226 
2N2227 
2N2228 
2N2229 
2N2230 


2N2231 
2N2232 
2N2233 
2N2238 
2N2239 
2N2243A 


2N2244 
2N2245 
2N2246 
2N2247 
2N2248 
2N2249 
2N2250 
2N2251 
2N2252 
2N2253 
2N2254 
2N2255 
2N2256 
2N2257 


2N2258 
2N2259 
2N2266 
2N2267 
2N2268 
2N2269 
2N2270 
2N2273 
2N2274 
2N2275 
2N2276 
2N2277 
2N2278 
2N2279 
2N2280 
2N2281 
2N2282 
2N2283 
2N2284 
2N2285 


2N2286 
2N2287 
2N2288 
2N2289 
2N2290 
2N2291 
2N2292 
2N2293 
2N2294 
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HF41 
R27 
P28 
P28 
P28 
P28 
P28 

LL23 


LL23 

HF47 

HL21, HF58 

HL21, HF58 

HF58 

HL21, HF59 

HL21, HF66 

HF21, HF59 

HL21, HF59 

HF60 

HL22, HF60 

HF66 

HF20 

HF20 

HF14 

HLS, PS7 

HL3, P87 

HL3, P87 

HL3, P88 

HL2, P88 

HL2, P88 

HL2, P88 

HL2, P88 

P88 

P28 

HL36, Pll, 
HF 


LL8 


LL8, HF4 
LL8, HF4 
LL10 

LL10 

LL14 

LELS 

P16 

P16 

P16 

HL44, P77 
HL44, P77 
HL44, P78 
HL44, P55 
HL44, P55 
HL44, P56 
HL45, P56 
HL45, P56 
HL45, P56 
HL45, P56 


2N2295 


2N2296 
2N2297 
2N2303 
2N2304 
2N2308 
2N2310 
2N2311 
2N2312 
2N2313 
2N2314 
2N2315 
2N2316 
2N2317 
2N2318 
2N2319 
2N2320 
2N2330 
2N2331 

2N2349 
2N2350 


2N2350A 


2N2351 
2N2351A 


2N2352 
2N2352A 


2N2353 
2N2353A 


2N2357 
2N2358 
2N2359 


2N2360 
2N2361 
2N2362 
2N2364A 


2N2368 
2N2369 


2N2369A 
2N2370 
2N2371 
2N2372 
2N2373 
2N2377 
2N2378 
2N2381 
2N2382 
2N2383 
2N2384 
2N2386 


2N2387 
2N2388 


2N2389 


2N2390 
2N2391 
2N2392 
2N2394 
2N2395 
2N2397 
2N2398 
2N2399 
2N2400 


2N2401 
2N2402 
2N2405 
2N2410 
2N2411 
2N2412 
2N2413 
2N2415 


HL45, P56 
HL45, P56 
P 


LL22, AES3 
LL23, HF33 
L 


LUIS 


HL3S7, P17, 
HF41 
LL15 

HL3S7oPL7; 
HF41 
LELS 

HL37, P17, 
HF41 
LiiS 

Ht37, Pls, 
HF41 

HL45, P95 

HL45, P95 

HL45, P95 


HF100 
HF101 
HF101 
HL37, P17, 
HF42 

HL40, LL40, 
P4, HF83 
HL40, LL35, 
P4, HF86 
LL35, HF86 


HF6 

EL27, AEG7 
LL28, HF67 
P61 

P61 

FETS, 12223, 
43, 46, 55 
A29 

A42 

A18, HL45, 
HF101 


HL46 


HL46, HF101 


HL19, HF50 
HF101 
HF101 

HF44 
HF50 
HF60 
HF33 

HL46, HF101 

HL46, HF101 
HF101 
HF101 
HF102 


2N2416 
2N2423 
2N2427 
2N2428 
2N2429 
2N2430 
2N2431 
2N2432 
2N2451 
2N2453 
2N2453A 
2N2455 


2N2459 
2N2460 
2N2461 
2N2462 
2N2463 
2N2464 
2N2465 
2N2466 
2N2475 
2N2476 


2N2477 
2N2480 
2N2480A 
2N2481 
2N2482 
2N2483 
2N2485 
2N2486 
2N2487 
2N2488 


2N2489 
2N2494 
2N2495 
2N2496 
2N2497 


2N2498 
2N2499 
2N2500 


2N2501 
2N2509 


2N2510 
2N2511 
2N2512 
2N2515 
2N2516 
2N2518 
2N2519 
2N2520 
2N2521 
2N2522 


2N2523 
2N2524 
2N2525 
2N2526 
2N2527 
2N2528 
2N2537 
2N2538 
2N2539 
2N2540 


2N2551 
2N2552 
2N2553 
2N2554 
2N2555 
2N2556 
2N2557 
2N2558 
2N2559 
2N2560 


2N2561 
2N2562 


HF60 
LL25, 34 
LL25, HF60 


HF60 
HF94 
HF80 
HL22 
HF90 
HF23 
HF102 
HF102 
HF74 
HF74 
HF67 
HF48 
HF48 
HF48 
Fehe,,) 1, 20, 
42,5 


Fete.ui, 21, 
44,55 
Fes, 21,22, 
47,55 
BETS, 11, 20, 
43,55 


HF72 
HF17 


HF17 
HF17 
HF47 
HF47 
HF51 
HF47 
HF48 
HF44 
HF48 
HF51 


HF60 

HF64 

P30, HF46 
HL46, P62 
HL46, P62 
HL46, P62 
LL31, ‘HFG6L 
LL32, HF61 
LL32, HF61 
LL32, HF61 
LL43 

P3i 

P31 

P32 

Paz 

P32 

P32 

P32 

P32 

HL2; -PS2 
Poe 

P32 


2N2563 
2N2564 
2N2565 
2N2569 
2N2570 
2N2580 
2N2581 
2N2582 


2N2583 
2N2586 
2N2590 
2N2591 
2N2592 
2N2593 
2N2595 
2N2596 
2N2597 
2N2598 


2N2599 
2N2599A 
2N2600 
2N2600A 
2N2601 
2N2602 
2N2603 
2N2604 
2N2605 
2N2606 
2N2607 
2N2608 
2N2609 
2N2611 
2N2613 
2N2614 
2N2616 
2N2617 
2N2618 
2N2618/4 
2N2631 
2N2632 
2N2633 
2N2634 
2N2635 
2N2646 
2N2647 
2N2649 
2N2650 
2N2654 
2N2656 
2N2657 
2N2658 
2N2671 
2N2672 
2N2673 
2N2674 
2N2675 
2N2676 
2N2677 
2N2678 
2N2692 
2N2697 
2N2698 
2N2706 
2N2707 
2N2708 


2N2709 
2N2711 
2N2712 
2N2713 
2N2714 
2N2715 
2N2716 
2N2717 
2N2720 
2N2721 
2N2722 
2N2723 
2N2724 


HF4 
FET18; “ 
FET18;. 3 
FET19, 4 
FET19, 4 

P2: 


A27, LL28 
HF29 
HF29 
HF33 

HF102 
HF102 


ELECTRONIC DESIGN 


2N2725 HF102 


2N2726 

2N2727 

2N2728 

2N2729 A24, 
2N2730 

2N2731 

2N2732 

2N2733 

2N2734 

2N2735 

2N2736 

2N2737 

2N2738 

2N2739 HL5, 
2N2740 HLS, 
2N2741 HL5, 
2N2742 HL5, 
2N2745 HL7, 
2N2746 HL7, 
2N2747 HL7, 
2N2748 HL7, 
2N2751 HL8, 
2N2752 HL8, 
2N2753 HL9, 
2N2754 HL9, 
2N2757 HL5, 
2N2758 HL6, 
2N2759 HL6, 
2N2760 HL6, 
2N2761 HL6, 
2N2763 HL7, 
2N2764 HL7, 
2N2765 HL7, 
2N2766 HL7, 
2N2769 HL9, 
2N2770 HL9, 
2N2771 HL9, 
2N2772 HL9, 
2N2781 P28, 
2N2782 P28, 
2N2783 P28, 
2N2784 

2N2785 


2N2787 LL35, 
2N2788 LLS5:; 
2N2789 LL35, 


2N2790 Liss, 
2N2791 LL35, 
2N2792 EL35; 
2N2795 
2N2796 
2N2797 
2N2798 
2N2799 
2N2800 
2N2801 


2N2801 
2N2808 
2N2808A 
2N2809 
2N2809A 
2N2810 
2N2810A 
2N2811 
2N2812 
2N2813 
2N2814 
2N2815 
2N2816 
2N2817 
2N2818 
2N2819 
2N2820 
2N2821 
2N2822 
2N2823 
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P17 
P17 
P95 
HF89 
P95 
P95 


P95 
P84 


WHY 


9 
CUTS? 


Because it takes 9 different crystal cuts to cover the 
frequency spectrum. Hughes makes quartz crystal units 
in all 9 cuts, from 1kc to over 150 mc! 


There’s another reason for making 9 cuts. Usually any 
one frequency can be handled by several different cuts, 
but some cuts display better frequency tolerance with 
temperature than others. Hughes has the capability to 
provide the cut needed over any operating temperature 
range for minimum frequency drift. 


Whether you need custom or MIL spec units in proto- 
type or production quantities, why not call on Hughes’ 
broad experience and engineering depth for all your 
crystal requirements. For specific information call or 
write Hughes Electronic Devices, Newport Beach, Calif. 


\ Sep SE ee 1 
NY | HUGHES | 
Leader in Frequency Control Devices A “al 


HUGHES AIRCRAFT COMPANY 
ELECTRONIC DEVICES 
NEWPORT BEACH, CALIFORNIA 
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2N2824 
2N2825 
2N2828 
2N2829 
2N2831 
2N2832 
2N2833 
2N2834 
2N2835 
2N2836 


2N2837 
2N2838 
2N2841 
2N2842 
2N2843 
2N2844 
2N2845 
2N2846 
2N2847 


2N2848 
2N2849 
2N2850 
2N2851 
2N2852 
2N2853 
2N2854 
2N2855 
2N2856 
2N2857 
2N2860 
2N2861 
2N2862 
2N2863 
2N2864 
2N2865 
2N2868 
2N2869 
2N2870 
2N2871 


2N2872 
2N2874 
2N2875 
2N2876 
2N2877 
2N2878 
2N2879 
2N2880 
2N2881 


2N2882 
2N2883 
2N2884 
2N2885 
2N2887 
2N2890 
2N2891 
2N2892 
2N2893 
2N2894 


2N2895 
2N2896 
2N2897 
2N2898 
2N2899 
2N2900 
2N2902 
2N2903 
2N2903A 
2N2904 


2N2904A 
2N2905 
2N2905A 
2N2906 
2N2906A 
2N2907 
2N2907A 
2N2908 
2N2909 
2N2911 


182 


FET18, 28, 48 
FET19, 30, 48 
FET19, 33 
FETIS, -37 
HF72 


P29, HF43 


P35, HF67 


2N2912 
2N2913 
2N2914 
2N2915 
2N2916 
2N2917 
2N2918 
2N2919 
2N2920 
2N2923 
2N2924 
2N2925 
2N2926 
2N2927 
2N2929 
2N2936 
2N2937 
2N2938 
2N2942 
2N2943 
2N2944 
2N2945 
2N2946 
2N2947 
2N2948 
2N2949 
2N2950 


-2N2951 


2N2952 
2N2953 


2N2955 
2N2956 
2N2957 
2N2958 
2N2959 
2N2962 
2N2963 
2N2964 
2N2965 


.2N2966 


2N2968 
2N2969 
2N2970 
2N2971 
2N2972 
2N2973 
2N2974 
2N2975 
2N2976 
2N2977 


2N2978 
2N2979 
2N2980 
2N2981 
2N2982 
2N2987 
2N2988 
2N2989 
2N2990 
2N2991 


2N2992 
2N2993 
2N2994 
2N2995 
2N2996 
2N2997 
2N2998 
2N2999 
2N3009 
2N3010 


2N3011 
2N3012 
2N3013 
2N3014 
2N3015 
2N3016 
2N3017 


LL12, “HES 
LL7, HF4 
LL5, HF2 


LL30, HF73 


HL24, HF83 
LL25, HF62 
P18, HF103 

HF103 


2N3018 P36, HF103 
2N3019 LL12, HF26 
2N3020 LL12, HF26 
2N3021 P36 
2N3022 P36 
2N3023 P36 
2N3024 P36 
2N3025 P36 
2N3026 P36 
2N3043 HF67 
2N3049 HF84 
2N3053 HL36 
2N3054 HL25 
2N3055 HL23 
2N3056 P18, HF26 
2N3056A P18 
2N3057 P18, HF26 
2N3057A P18 
2N3058 A36 
2N3059 A46 
2N3060 A36 
2N3061 A44 
2N3062 A31 
2N3063 A31 
2N3064 A21 
2N3065 A21 
2N3066 FET40 
2N3067 FET34 
2N3068 FET29 
2N3069 FET44 
2N3070 FET38 
2N3071 FET31 
2N3074 HF48 
2N3075 HF26 
2N3076 HL30, P83 
2N3077 A49 
2N3078 A48 
2N3081 HF45 
2N3081/46 HF45 
2N3081/51 HF45 
2N3084 FET40 
2N3085 FET4O 
2N3086 FET40 
2N3087 FET40 
2N3088 FET52 
2N3088A FET53 
2N3089 FET37, 52 
2N3089A FET37, 53 
2N3107 LL18 
2N3108 HL34, LL19 
2N3109 LL18 
2N3110 HL34, LL19 
2N3112 FET18, 28 
2N3113 FET18, 29 
2N3114 P18 
2N3115 HF62 
2N3116 HF62 
2N3117 HL32 
2N3118 HF62 
2N3119 HF62 
2N3128 A32 
2N3129 A42 
2N3130 A38 
2N3131 LL28 
2N3133 HF52 
2N3134 HF52 
2N3135 HF52 
2N3136 HF52 
2N3137 HF87 
2N3138 HF104 
2N3139 HF104 
2N3140 HF104 
2N3141 HF104 
2N3142 HF104 
2N3143 HF104 
2N3144 HF104 
2N3145 HF104 
2N3146 P92 


2N3147 P92 


2N3149 P109 
2N3150 P109 
2N3151 P110 
2N3154 P46 
2N3155 P47 
2N3156 P47 
2N3157 P47 
2N3158 P47 
2N3209 HL40 
2N3212 P26 
2N3213 P26 
2N3214 P26 
2N3215 P27 
2N3220 P41 
2N3221 P41 
2N3222 P41 
2N3223 P59 
2N3227 ~HL23, HF8O 
2N3229 HF53 
2N3230 P36 
2N3231 P36 
2N3241 A44 
2N3242 A44 
2N3244 HF48 
2N3245 HF45 
2N3248 HF62 
2N3249 HF67 


2N3250 LL25, HF62 


2N3250A HL22 
2N3251 LL28, HF68 
2N3251A HL23 
2N3252 ~=HL19, HF53 
2N3253. ~=4HL18, HF48 
2N3262 HF45 
2N3263 P83 
2N3264 P61 
2N3265 P83 
2N3266 P61 
2N3277 FET36 
2N3278 FET40 
2N3279 HF76 
2N3280 HF76 
2N3281 HF68 
2N3282 HF68 
2N3283 HF62 
2N3284 HF63 
2N3285 HF63 
2N3286 HF63 
2N3287 HF73 
2N3288 HF73 
2N3289 HF68 
2N3290 HF68 
2N3291 HF63 
2N3292 HF58 
2N3293 HF58 
2N3294. HF58 
2N3295 HF2 
2N3296 HF1 
2N3297 HF1 
2N3298 HF53 
2N3299 ~—- HL39, HF76 
2N3300  +HL39, HF76 
2N3301 HL39, HF76 
2N3302 —-HL39, HF76 
2N3303  —-HL40, HF86 
2N3304 HF87 
2N3307 HF68 
2N3308 HF68 
2N3309 HF68 
2N3311 P95 
2N3312 P95 
2N3313 P95 
2N3314 P96 
2N3315 P96 
2N3316 P96 
2N3317 LL9, HF10 
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2N3318 
2N3319 
2N3320 
2N3321 
2N3322 
2N3323 
2N3324 
2N3325 


2N3326 
2N3327 
2N3328 
2N3329 


2N3330 
2N3331 
2N3332 


2N3333 
2N3334 
2N3335 
2N3336 
2N3337 
2N3338 
2N3339 
2N3340 
2N3341 
2N3342 
2N3344 
2N3345 
2N3346 


2N3365 
2N3366 
2N3367 
2N3368 
2N3369 
2N3370 
2N3371 
2N3374 
2N3375 
2N3376 


2N3377 
2N3378 
2N3379 
2N3380 
2N3381 
2N3382 
2N3383 
2N3384 
2N3385 
2N3386 


2N3387 
2N3390 
2N3391 
2N3391A 
2N3392 
2N3393 
2N3394 
2N3395 
2N3396 
2N3397 
2N3398 
2N3399 
2N3402 
2N3403 
2N3404 
2N3405 
2N3409 
2N3410 
2N3411 
2N3414 
2N3415 
2N3416 
2N3417 
2N3418 
2N3419 
2N3420 


LL10, HF6 
ELLIS. ‘HELO 
HF84 

HF84 

HF84 

HF53 

HFS3 

HF53 


HF58 

HF76 

FET42 
FET2,13; 20, 
43, 52 

FER2; 13p21, 
44, 52 

FETS, f2,22, 
47, 51 

FETS, 13, 21, 
43, 53 
FET25 
FET24 
FET24 
FET24 

HF76 

HF77 

HF77 

LL18 

LL18 
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Literally hundreds of 
“special” temperature 
measurements today 
are handled by these 


standard 


= thermocouples 


BSEES 


Type “A”, open tips for fast response. 
Adjustable tip length, fixed brass or stain- 
less steel fittings (Teflon* seal). 


Type “R”’, Brake Drum type 
stainless steel or brass mounting 
—open or closed tip. 


Type “Q”, “‘jiify-head” couples with quick-connect plugs 
or screw terminal for easy dismounting. 


Type “C’’ thermocouples 
with fixed or adjustable 
fittings, for high pressures. 


Type “E”’, spring-loaded, bay- 
onet-lock type thermocouples. 


Lewis engineers 


can and do design 
very special thermo- 


oil or freon systems. For —300° 
or +1800°F. 


_ couples for very special 
_ requirements. At least 


_ once or twice a week. 


Mostly, though, we find 
that simple modifications 
of the standards shown 
here are all that’s needed. 
For engine exhaust gases, 
hydraulics, fuels, engine 


THE LEWIS ENGINEERING COMPANY : 


Naugatuck, Connecticut 


Lewis—custom producer to industry and aircraft of electrical measuring instruments and s 
tems . . . high temperature thermocouples and extension wire . . . and multi-conductor cables 


And—standard or special—all Lewis 
thermocouples are made to meet | 
or exceed the most rigorous mili- 
tary and aerospace requirements. 


As a result, they’ve won the widest . 
acceptance for precision measure- 
ment throughout industry. 
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2N3421 pees, 2N3546 HL25 

2N3423 HL40, HF85 2N3551 P50 

2N3424 HL25, HF85 2N3552 P51 

2N3426 HL19, HF53 2N3553 HF81 

2N3427 A46 2N3554 LL23 

2N3428 A48 2N3563 HF89 

2N3429 HL19, P88 2N3564 HF87 

2N3430 HL19, P88 2N3565 HF16 

2N3431 HL19, P88 2N3566 HF16 

2N3432 HL19, P88 2N3567 HF22 

2N3433 HL19, P89 2N3568 HF22 

2N3434 HL20, P89 2N3569 HF23 

2N3436 FET4, 46 2N3570 HF93 

2N3437 FETS, 41 2N3571 HF92 

2N3438 FET34 2N3572 HF91 

2N3439 P18 2N3576 LL32 

2N3440 P18 2N3577 P62 

2N3441 P37 2N3578 FET42, 50 

2N3442 P81 2N3579 A10 

2N3444 HL18 2N3580 A21 

2N3445 P81 2N3581 A25 

2N3446 P81 2N3582 A38 

2N3447 P81 2N3583 P45 

2N3448 P81 2N3584 P45 

2N3452 FET41, 52 2N3585 P46 

2N3453 FET34, 52 2N3588 HF57 

2N3454 FET29, 52 2N3597 P78 

2N3455 FETS), 51 2N3598 P78 

2N3456 FET34,. 51 2N3599 P78 

2N3457 FET2 9, 51 2N3600 HF89 

2N3458 Feta (47--50 2N3605 LL28 

2N3459 FETS. 41 52 2N3606 LL28 

2N3460 FETZ, 34, 52 2N3607 LL28 

2N3462 A35 2N3608 FET5, 14, 49, 57 

2N3463 A35 2N3609 FET25 

2N3467 HL18 2N3610 FET1 

2N3468 HL17 2N3611 P62 

2N3469 P15 2N3612 P62 

2N3470 HL23, P89 2N3613 P63 

2N3471 HL23, P89 2N3614 P63 

2N3472 HL24, P89 2N3615 P63 

if this can’t 2N3473 HL24, P89 2N3616 P63 

f hos fae pee | auseig Be 
HL24, P89 3618 

four-clid ausare — HLaa, Bee | 2hao19 FSS 
= , P89 0 

nothing cant. aes 

, 2N3622 HF53 

n: 2N3485A _—LL23, HL20 2N3623 HF54 

3 } ; ‘ 2N3486 LL23, HL20 2N3624 HF54 

Stick Art Wire with your wire 2N3486A LL23,. HL20 2N3625 HF54 

form nightmares. We’re in busi- 2N3487 P81 2N3626 HF54 

ness to handle impossible 2N3488 P81 2N3627 HF54 

delivery dates, ridiculous toler- 2N3489 P82 2N3628 HF54 

ances and unbelieveable forms. 2N3490 P82 2N3629 HF54 

We like to be challanged. 2N3491 P82 2N3630 HF54 

2N3492 P82 2N3631 FET4, 13 

Save money, too. Art Wire takes 2N3493 Ei32 2N3632 HF77 

over your down-time, overhead 2N3494 HL20 2N3633 HF92 

and inventory problems and 2N3495 HL17 2N3634 HL18 

makes them our own. Let us do bags ee fi lsd pene 

the worrying. We're good at it. 2N3498 HL17 5N3637 HL20 

Send us a part or a print. If 2N3499 HL17 2N3638 HF45 

you're in a hurry, phone 201- 2N3500 HL17 2N3640 LL34 

621-7272. 2N3501 HL17 2N3641 LL25 

2N3502 HL38, HF59 2N3642 LL25 

Bulletin 501 shows what we 2N3503 HL38, HF63 2N3643 LL25 

can do. Use the inquiry card 2N3504 = HL22, HF63 2N3644 LL24 

for your copy. 2N3505 HL38, HF63 2N3645 LL24 

2N3506 HL17 2N3646 LL34 

2N3507 HL17 2N3647 HL23, LL30 

ART WIRE & STAMPING CO. 2N3508 HL24 2N3648 HL23, LL33 

17 Boyden Place 2N3509 HL24 2N3660 P18 

Newark, New Jersey 07102 2N3510 HL23 2N3661 P19 

2N3511 HL23 2N3662 HF90 

2N3512 HL39 2N3663 HF90 

2N3544 HF85 2N3665 P19 
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2N3666 P19 


2N3677 LL7, 14 
2N3683 HF85 
2N3684 FET46, 54 
2N3685 FET43, 54 
2N3686 FET36, 54 
2N3687 FET31, 54 
2N3688 HF77 
2N3689 HF77 
2N3690 HF77 
2N3691 A23, HF54 
2N3692 A40, HF55 
2N3693 HF55 
2N3694 HF55 
2N3695 FET43, 54 
2N3696 FET37, 54 
2N3697 FET33, 54 
2N3698 FET29, 54 
2N3699 P19 
2N3701 HF55 
2N3702 HF35 
2N3703 HF35 
2N3704 HF35 
2N3705 HF35 
2N3706 HF35 
2N3707 A40 
2N3708 A23 
2N3709 A23 
2N3710 A37 
2N3711 A45 
2N3712 HF16 
2N3713 HL27, P90 
2N3714 HL23, P90 
2N3715 HL27, P90 
2N3716 HL27, P90 
2N3719 HiL32, P21 
2N3720 HL32, P21 
2N3721 A30 
2N3722 LL32 
2N3723 LL32 
2N3728 HF77 
2N3729 HF77 
2N3730 P25 
2N3731 PIg9 
2N3732 P13 
2N3733 HF78 


2N3734 HL22, HF63 
2N3735 HL22, HF63 
2N3736 HL22, HF64 


2N3737 HL22, HF64 


2N3738 HE27 P33 

2N3739 HL28, P33 , 

5N3740 —«HL27. P37 WE’RE PROLIFERATING!! 
2N3741 HL27,. FOr 

2N3742 HF14 

2N3743 HF14 ; : : 4 
ON3744 PA1 We've developed an entirely new line of Press-Lite 
recs ee switches and press-to-test indicator lights—including 
me Ke one a high quality series of lights and switches that meet 
2N3748 P41 industry standards for appearance and performance. 
2N3749 P41 We’re proliferating in the catalog department, too. 
2N3750 P41 Write f | detils'ofthe ind te fj . 
2N3751 P42 rite for complete details of the industry’s finest line 
2N3752 P42 of neon lamps, indicator lights, illuminated push- 
2N3762 HL37, HF49 button switches and their transistorized or EMI 
2N3763 HL37, HF45 : : : : 

2N3764 HL37, HF49 shielded versions. Many options available. 


2N3765 HL37, HF45 
2N3766 HL28, P33, HF55 


2N3767 HL28, P33 

2N3771 P90 

2N3772 P90 MARCO-OAK INDUSTRIES 
2N3773 P90 

ONASEs Oree a owision of OAK ELECTRO/NETICS same 
2N3785 HF88 207 SOUTH HELENA STREET, ANAHEIM, CALIFORNIA 92803 
2N3789 P90 PHONE: 714-535-6037 e TWX: 714-776-6111 
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FREE 


SAMPLES 


qhermallé 


OLOR-CODED 
¢ ° N 


PADS 


MOUNTING PAD 


CATALOG 


MOUNTING PADS 


for TO-18, TO-5, duals, 
integrated circuits, 
lead converters, lead 
spreaders...all 
are contained in 
Thermalloy’s new 
catalog #65-8. 
Complete mechanical 
drawings, materials 
and specifications 
are included along 
with Thermalloy’s new 


PAD SELECTOR GUIDE! 


RL NECN 
Write today for 
free samples, 
catalog and 
selector guide. 


aa 
Thermalloy 
Company 


8717 DIPLOMACY ROW 
DALLAS, TEXAS 75247 
PHONE: 214-ME 7-3333 
TWX: 214-631-5976 
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2N3790 


2N3791 
2N3792 
2N3796 
2N3797 
2N3798 
2N3799 
2N3800 
2N3801 
2N3802 
2N3803 


2N3804 
2N3805 
2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3811 
2N3818 


2N3819 
2N3820 
2N3821 
2N3822 
2N3823 


2N3824 
2N3837 
2N3838 
2N3840 
2N3841 
2N3842 
2N3843 
2N3843A 
2N3844 
2N3844A 
2N3845 
2N3845A 
2N3846 
2N3847 
2N3848 


2N3849 
2N3850 
2N3851 
2N3852 
2N3853 
2N3854 
2N3854A 
2N3855 
2N3855A 
2N3856 
2N3856A 
2N3858 
2N3858A 
2N3859 
2N3959A 
2N3860 
2N3866 
2N3877 
2N3877A 
2N3878 


2N3879 
2N3880 
2N3883 
2N3900 
2N3900A 
2N3903 
2N3904 
2N3905 
2N3906 
2N3909 


2N3916 
2N3917 


P90 


P90 

P91 
FET, 20, 39, 50 
FET9, 21, 47, 50 
HF35 


FETS, 12, 21, 
45, 55, 59 
FETS, 12,49; 


FET9, 21, 39, 
45,51, 59 
FETS, 12,21, 
43, 52, 53, 59 
FETS, 12,46 
P37 

P37 

LL8 

LL4 

LL4 

HF42 

HF42 

HF42 

HF42 

HF42 

HF42 

P91 

P91 

P91 

P91 

HL16, P42 
P42, 51 
HL16, P42 
P42 

HF68 

HF68 

HF73 

HF73 

HF74 

HF74 

A29 

A29 

A39 

A39 

A43 

HF88 

All 

All 

P46 


HL32 

HF92 

LL20 

A47 

A47 

LL26, HF64 
LL28, HF69 
LL24, HF64 
LL26, HF69 
FE FS; 16,49, 
36, 55 

P19 

P33 


2N3919 
2N3920 
2N3921 
2N3922 
2N3924 
2N3925 
2N3926 
2N3927 


2N3932 
2N3933 
2N3934 
2N3935 
2N3946 
2N3947 
2N3953 
2N3954 
2N3955 
2N3956 
2N3957 
2N3958 
2N3959 
2N3960 
2N3961 
2N3960 
2N3962 
2N3963 
2N3964 
2N3965 
2N3966 
2N3967 


2N3968 
2N3969 
2N3970 
2N3971 
2N3972 
2N3973 
2N3974 
2N3975 
2N3976 
2N3977 


2N3978 
2N3979 
2N3980 
2N3993 
2N3994 
2N3995 
2N3996 
2N3997 
2N3998 
2N3999 
2N4000 
2N4001 
2N4002 
2N4003 
2N4004 
2N4005 
2N4012 
2N4017 
2N4018 
2N4019 


2N4020 
2N4021 
2N4022 
2N4023 
2N4024 
2N4025 
2N4030 
2N4031 
2N4032 
2N4033 


2N4038 
2N4039 
2N4040 
2N4041 
2N4046 
2N4047 
2N4048 
2N4049 


FETS-15,.21 
HF 


HL34, P30 
HL34, P30 
FET26 
FET26 
HF81 
HF81 
HF81 
HF81 
HF93 
HF93 
FET26 
FET25 


LL26, HF64 
LL28, HF69 


HF92 
FET26 
FET26 
FET25 
FET25 
FET25 


LL36, HF93 
LL36, HF93 


HF81 


LL37, HF93 


HF46 
HF46 
HF46 
HF46 
FETS 
FET22 
FET20 
FET20 
FETHI 


FETZ, 13,45 


FET6, 15 
LL30 
LL30 
LL30 
LL30 

LL4 
LL4 
LL4 
UJT2, 3 
reto; 13 


2N4050 
2N4051 


2N4052 
2N4053 
2N4058 
2N4059 
2N4060 
2N4061 
2N4062 
2N4065 
2N4066 
2N4067 


2N4070 
2N4071 
2N4072 
2N4073 
2N4075 
2N4076 
2N4077 
2N4078 
2N4079 
2N4082 


2N4083 
2N8084 
2N4085 
2N4086 
2N4087 
2N4087A 
2N4091 
2N4092 
2N4093 
2N4104 


2N4105 
2N4106 
2N4107 
2N4117 
2N4118 
2N4119 
2N4120 
2N4121 
2N4122 
2N4123 
2N4124 
2N4125 
2N4126 
2N4136 
2N4138 
2N4220 


2N4221 
2N4222 


2N4223 
2N4224 
2N4241 
2N4260 
2N4261 
2N4264 
2N4265 
2N4267 
2N4268 
3N45 
3N46 
3N47 
3N48 
3N49 
3N50 
3N51 
3N52 
3N71 
3N72 
3N73 
3N89 
3N90 
3N91 
3N92 
3N93 


LL26, HF64 
LL28, HF69 
LL24, HF55 
LL26, HF64 
Pili 

HF12 
FETS, 16, 20, 
39, 51 

FETS, 16,21, 
44,51 
FETIO, 16, 22, 


LL36, HF93 
LL36, HF94 
LL29, HF69 
LL29, HF69 


LL20 
FET38, 57 
HF4 
HF4 
HF4 
HF4 


ELECTRONIC DESIGN 


Total production 


3N94 HF5 | 164-14 HL11, P105 | 40340 HF40 
3N95 HF5 | 164-16 HL11,P105 | 40341 HF41 
3N96 FET26 | 164-18 HL11,P105 | 40346 ii2 | Control for 
3N97 FET25 | 164-20 HL11, P106 | 40347 P20 a 2 
3N98 FET22 | 2013 LL44 | 40348 p20 | top quality in 
3N99 FET22 | 3217 LL44 | 40354 HF37 Z 
3N112 HF5 | 2318 LL44 | 40355 P31 | Gold Bonding 
3N113 HF5 | 3219 LL44 | 40360 P21 c 
3N114 HF10 | 40022 P27 | 40361 P21) W ° 
3N115 HF10 | 40050 p27 | 40362 P21 IFE (99.99%) 
3N116 HF11 | 40051 P27 | 40363 P81 
3N117 HF11 | 40080 HF104 | 40364 P46 
3N119 E11 | 40082 HF10s | 40367 Fos a pu pe naam esas 
3N123 LL8 | 40084 HF36 | 40368 A to a eatglaaal ki eaipieh bos Cite Rca ts 
3N124 FET10, 16, 19,35 | 40217 LL32 | 40369 Peo’ |. fat mects our traditionally high: 
3N125 FET10, 16, 21,43 | 40218 LL24 | 40375 P21 | standards...The same critical care is 
ae Ree res aoe eae aa 40404 HF87 taken with the spooling and packing... 

. : 40220 40405 HF89 pele fol 
151-05 P78 | 40221 LL29 | A130 RAG es ee pratt Siren ees vanes ett et 
151-06 HL12, P78 40222 LL24 A301 HF46 winding ea dibiee especia y erate 
eed eae oes 40231 ey A306 A21 by our plant engineers ...Winding 
151- ; 40232 6 | A307 A tension and pitch are fully controlled so 
151-09 79 | 40233 A37 | A310 Al that the single layer winding will not 
151-10 HL12, P79 | 40234 Al8 | A311 All hift i Plasti ith dust-f 
151-12 P79 40235 HF92 A415 HF55 sni grils <n astic sia ad ree 
151-14 P79 | 40236 HF92 | n466 HF78 cushion keeps spool safe in transit. 
151-16 P79 | 40237 HF92 | A467 HF69 
151-18 P79 | 40238 HF90 | A472 HF83 
151-20 P79 | 40239 HF90 | A473 HF83 
152-04 HL12, P79 | 490240 HF90 | ,4ago HF91 Actual Size 
152-05 P79 | 40242 HF105 
152-06 HL12, P80 AS20/A521 A49 
152.07 ’ P80 40243 HF105 | a569 A25 
152-08 HL12, P80 | A0e4e eae (Aero A25 
ee Ue UE ane 
Te Ae ee | aoeae P39 | 41220 HF88 
152.14 P80 40250VI P21 | ai243 HF82 
152-16 pgo | 40251 P82 | A1341 A25 
152.18 P80 oe as A1519 HF55 
152-2 AC121 A18 
183.04 HL13, pio2 | 40255 P26 | AC163 A41 
153-06 HL13, P102 | 4oS5ec Age | AC172 A42 
153-08 HL14, P102 | Aooeo AAD AF106 HF57 
153-10 HL14, P103 AF109 HF65 
153-12 HL14, P103 | 40263 HF46 | AF127 A42 
153-14 HL14, P103 | 40264 P15 | AF139 HF82, 85 
153-16 HL14, P103 | 40279 HF105 | AFY34 HF94 
153-18 HL14, P103 40280 HF83 | AFY39 HF82 
153-20 HL14, P103 40281 HF78 | BC107 A41 f 
154-04 HL14, P103 | 40282 HF73 | Bc122 ac | mot this 
154-06 HL14, P103 | 40290 HF82 | BC410 A25 
154-08 HL14, P103 | 40291 HF82 | BCY11 A21 
154-10 HL15, P103 | 40292 HF69 | BCY12 A21 
154-12 HL15, P104 | 40305 HF82 | BCY30 A6 
154-14 HL15, P104 | 40306 HF82 | BCY31 A13 
154-16 HL15, P104 | 40307 HF78 | Bcy32 A18 
154-18 HL15, P104 | 40309 P19 | BCY33 A6 
154-20 P104 | 40310 P39 | BCY34 Al4 
ee HL15 ae } Pe BCY38 All 

-04 HL25, P82 BCY39 Al 
156-06 HL25, P82 | 40313 P46 | BcY40 Aes 
156-08 HL25, P82 | 40314 P19 | B¢cZ10 A29 
156-10 HL25, P82 | 40315 P20 | BCZ11 A29 
163-04 HL9 | 40316 P39 | BCZ12 A4 
163-06 HL9, P104 | 40317 P20 | BCZ13 A7 
163-08 HL9, P104 | 40318 P46 | Bcz14 A15 
163-10 HL9, P104 | 40319 P20 | Bp109 P30 
163-12 HL10, P104 | 40320 P20 | BF140 HL38 
163-14 HL10, P104 | 40321 P20 | BF155 HL38 The single layer 
163-16 HL10 | 40322 P46 | BFY12 P10 package 
163-18 HL10, P105 | 40323 P20 | BFY33 P10 is designed for: 
163-20 HL10, P105 | 40324 P39 | BFY34 P10 400 feet of .0007” 
164-04 HL10, P105 | 40325 P82 | BFY46 P10 400 feet of .0010” 
164-06 HL10, P105 | 40326 P20 | BSY18 HL38 250 feet of .0015” 
164-08 HL10, P105 | 40327 P20 | BSY34 HL39 150 feet of .002” 
164-10 HL10, P105 | 40328 P46 | BSY58 HL39 
164-12 HL10, P105 | 40329 A41 | BSY62 LL37 
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Write for latest brochure 


Since 
1901 


Sigmund Cohn Corp. 


121 So. Columbus Ave., Mt. Vernon, N.Y. Oh 


= 


= 


CDS-5 (To-5) 


top 
performance 


CDS-9 


POWERMASTER 
PHOTOCELLS 


Outstanding construction and design of 
Pioneer Photocells assure long-life and 
top performance. New heavy base (.080) 
allows compression glass to metal seal 
on leads, eliminates danger of air leak- 
age and cell deterioration. 

Available in one inch, half inch and 
To-5 sizes over a wide sensitivity range. 

Consult us on special applications of 
photo sensitive layers. 


Photocells pictured are actual size. 


The Pioneer 
Electric & Research Corp. 


Subsidiary of E00 Controls, tre. 


715 Circle Avenue « Forest Park, Ill. 
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BSY63 HL38 
C680 FET30 
C681 FET31 
C682 FETS7 
C683 FET37 
C684 FET43 
C685 FET44 
C6690 FET3 
C6691 FET3 
C6692 FET1 
CM600 rety 
CM601 FET7 
CM602 FET8 
CM603 FET8 
D16E7 A46 
D16E9 A46 
D16K1 HF86 
D16K2 HF86 
D16K3 HF86 
D1101 FET41 
D1102 FET35 
D1103 FET2Z9 
D1177 FET41 
D1178 FETS5 
D1179 FET30 
D1180 FET45 
D1181 FET38 
D1182 FET32 
D1183 FET4, 46 
D1184 FET3, 41 
D1185 FETZ,..39 
D1201 FET45 
D1202 FET38 
D1203 FET32 
D1301 FET4, 47 
D1302 FET3, 41 
D1303 FET2I,35 
DE1004 FETS, 14, 49, 57 
DN3066A FET41, 53 
DN3067A FET35,:53 
DN3068A FET30, 53 
DN3069A FET45, 53 
DN3070A FET38, 53 
DN3071A FET32, 54 
DNX1 FET41 
DNX2 FET32 
DNX3 FET28 
DNX4 FET45 
DNX5 FET38 
DNX6 FET32 
DNX7 FET4 
DNX8 FET3 
DNX9 FET2 
DTG411 P77 
DTG600 P60 
DTG601 P60 
DTG602 P61 
DTG1010 P110 
DTG1110 HL46 
DTG1200 P110 
DTG2000 P110 
DTG2100 P110 
DTG2200 P110 
DTG2300 P110 
DTG2400 P110 
DTS413 P110 
DTS423 P81 
DTS430 P83 
DTS431 P84 
ED322 HF69 
FI100 FETIS 
FIO0049 FET5, 14 
FK3299 LL24 
FK3300 LL26 
FK3502 LL26 
FK3503 LL26 
FK3962 HF4 


FK3964 
FT34A 
FT34B 
FT34C 
FT34D 


FTS7 

FT207A 
FT207B 
FT4017 
FT4018 
FT4019 
FT4020 
FT4021 
FT4022 
FT4023 


FT4024 
FT4025 
FV3503 
FV3962 
FV3964 
HA2000 
HA2001 
HA2010 
HA2020 
HA2030 


K1001 
K1003 
K1004 
K1201 
K1504 
KM7000 
KM7001 
KM7002 
KM7007 
KM7008 


KM7009 
KM7010 
KM7011 
KM7012 
KM7013 
KM7014 
KM7015 
KM7016 
KM7017 
M100 


M101 
MA881 
MA882 
MA883 
MA884 
MA885 
MA886 
MA887 
MA88&8& 
MA889 
MA1702 
MA1703 
MA1704 
MA1705 
MA1706 
MA1707 
MA1708 
MCS2135 
MCS2136 
MCS2137 


MCS2138 
ME209 
ME213 
ME213A 
ME214 
ME216 
ME217 
ME495 
ME900 
ME900A 
ME901 
ME901A 
MFE2093 


P44 
FET4, 13 


FETS 13 
Al6 


LL21, HF37 
LL21, HF37 
LEZ, HFS? 


LL21, HF38 
A51 
A38 
A47 
A51 
A25 
A38 
A47 
A21 
A38 
A39 
A39 
FETIO; 17, 


MFE2093 
MFE2094 


MFE2095 


MM709 

MM1941 
MM1943 
MM1945 
MM2102 


MM2103 
MM2483 


MP2060 


MP2061 
MP2062 
MP2063 
MPS706 
MPS834 
MPS918 
MPS2711 
MPS2712 
MPS2713 
MPS2714 


MPS2715 
MPS2716 
MPS2894 
MPS2923 
MPS2924 
MPS2925 
MPS2926 
MPS3392 
MPS3393 
MPS3394 


MPS3395 
MPS3396 
MPS3397 
MPS3398 
MPS3563 
MPS3639 
MPS3640 
MPS3646 
MPS3707 
MPS3708 
MPS3709 
MPS3710 
MPS3711 
MPS3721 
NPC514 
NS661 
NS662 
NS663 
NS664 
NS665 


NS666 
NS667 
NS668 
NS731 
NS732 
NS733 
NS734 
NS1110 


0,43 
LL29, HF69 
HF85 
HF82 


HF78 
FEFIS 


FET15 
HF23 
HF23 
HF91 

LL36, HF91 

LL36, HF91 

LL36, HF91 
P 


P98 

P63 

P63 

P63 

P63 

LL24, HF56 
LL3O, ‘HFZS 
HF85 

Al7 

A34 

LL26 

LLZ7 


Al7 
A34 
LL33, HF78 


HF85 
LL33, HF82 
LL34, HF82 

LL30 

A40 
A23 
A23 
A37 


ELECTRONIC DESIGN 


NS1111 
NS1355 


NS1356 
NS1500 
NS1510 
OC22 
0C23 
0C24 
0C26 
O0C30 
0C44 
0C45 
OC58 
OC59 
OC60 
OC71N 
0C74 
OC75N 
0C79 
OC80 
P102 
P1003 


P1004 
P1005 
PA1000 
PA1101 
PADT50 
PADT60 
PT3500 
PT5692 
PT5694 
$15649 
$15650 
$15657 
$15658 
$15659 
$15660 
$18100 
$18200 
SA310 
SA311 
SA312 
SA313 
SA314 
SA315 
SA316 
SA410 
SA411 
SA412 
SA413 
SA414 
SA415 
SA416 
SA537 
SA538 
SA539 
SA540 
SA2253 
SFT323 
SFT325 
SFT337 
SFT353 
SFT367 
SFT377 
SFT440 
SFT445 
$J993 
$J1034 
$J1127 
$J1158 
$J1159 
$J5898 
SP10800 
SP10801 
SP10810 
SP10811 
$U2078 
SU2079 
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L-BAND AND S-BAND 
KMG SILICON 


LOW-NOISE AMPLIFIER AND OSCILLATOR 


TRANSISTORS 


AMPLIFIER NOISE FIGURE — 6 db ®@ 1.5 Ge. 
AMPLIFIER NOISE FIGURE —7 db @ 2. Ge. 


CLASS ‘A’ OSCILLATOR — 1 WATT OUTPUT @ 1 Ge. 


THE K 1201 MOS FET 


4.5 db max. System Noise Figure at 450 mc, 

45 db AGC range, 400 mv Dynamic Range giving 

1% cross-modulation. Selected Gm’s to 3000 umhos 
minimum. All Kmc MOS transistors are produced 
with our exclusive MEGA-STABL process, 

for extra stability. 


IMMEDIATE DELIVERY ON: 


2N2857 2N3683 2N3953 2N3880 
2N3570 2N3571 2N3572 


[X<[iu @ TUNNEL DIODES 


Back diodes . . . down to 25 microamps. 
Low-noise microwave diodes in Ge, GaSb and GaAs to 
50 Gc.,1.0 K — factor max. @ fro = 50 Gc. 


KMC MANUFACTURES SEMICONDUCTOR DEVICES ONLY, AND IS NOT 
YOUR “BLACK-BOX” COMPETITOR. 


FOR CATALOGS AND SPECIFICATIONS - - - WRITE OR PHONE 


semiconductor corporation 


PARKER ROAD, LONG VALLEY, NEW JERSEY (201) 876-3811 
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We don’t recommend our young friend’s technique but we do applaud SU2080 FET26 


his resourcefulness. Because we at IERC figure we’re pretty resource- $U2081 FET25 

ful at “beating the heat’ too. We should be, because we go at it quite see nae 

seriously. Ml The result is the most efficient heat dissipating devices for T1158 P38 

electron tubes and semiconductors you'll ever see. Shucks, why be cee oe 

modest? We make more styles, versions, models, types, sizes, and kinds T1161 P5 

than anybody else in the business. In fact, we started the whole heat dissipating shield SAEs ess 
business 12 years ago. Ml We've got a bushelful of reasons why you T1408 HF70 
T1409 HF70 

should use IERC heat dissipators in your circuit designs — such as better | T1411 HF37 
performance, longer life, simpler circuits, lower costs, and so forth. LL T1537 HF29 
T1538 HF20 

And application ideas you probably never dreamed of. T1539 P38 
Just mark our number on the magazine reply card Soran T1540 P38 
CORPORATION 113027 P91 

and you can see for yourself. 135 W. MAGNOLIA BLVD.” BURBANK, T13028 P91 
First in a pictorial series of unique solutions to the problems of heat, by IERC. Dept. ED-56. T13029 P91 

: i esis si AE so T13030 P91 
TI3031 P91 

TIP14 P26 

TISO5 FET6,-12 

TIS14 FET10, 13,39, 

55) 58 

TIS25 FETZ5 

TIS26 FET24 

TIS27 FET24 

TIS34 FE).10;15,-22, 

47,55, 59 

TIX3016A HF106 

TIX3024 HF93 

TIXM101 HF93 

TIXM103 HF94 

TIXM104 HF93 

b : TIXSO9 HF105 

ON READER-SERVICE CARD CIRCLE 44 TIXS10 HF105 

TIXS11 FET2,.14, 23, 

49, 56, 57 

TIXS33 FET 712 

TIXS35 FETLO, £5. 22; 

48, 56, 60 

TIXS36 FETS, 14, 22, 

48, 56, 60 

TIXS41 FET8, 12 

TIXS42 FER 2 

TN53 HF38 

TN54 HF38 

TN55 HF14 

TN56 HF14 

TN57 HF14 

TN58 HF14 

TN59 HF38 

TN60 HF38 

TN61 HF38 

TN62 HF38 

TN63 HF38 

TN64 HF38 

TN79 LL17 

TN80 LL17 

HEAT BEATERS TN81 HF56 
PERMACEL® Film Tapes of Kapton* provide outstanding thermal Tiboe ese 
endurance, physical and dielectric strength in a wide range of high- TW135 LL12 
temperature applications. At 200°C, these tapes have far greater tensile U89 FET 39; 57 
strength than any other available films. ‘‘Strength-with-thinness” makes them U110 FET32 
ideal for miniaturization and other critical insulating jobs. Two types, in 1 U112 FET42 
and 2-mil thicknesses, in 36-yard rolls from 4%" to 17” wide. Write Dept. U114 FET31 
919 for details and free sample. U133 FET36 
*Du Pont trademark for its Polyimide Film SaaeD aah 
U146 FET48 

U147 FET48 

U148 FET49 

U149 FET49 

TAPES New Brunswick, N.J.08903 a company U168 FET40, 50 
U182 FET8, 13 
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UD2000 


UD3005 LL24, HF56 
UD3006 LL24, HF56 
UD3007 LL25, HF56 


V120 
V120RH 
V220 
V221 
V222 
Vv600 
Vv601 
V602 
V610 
V611 
V612 
V800 
VX3375 
WS154 
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LL36 
LL45 
LL45 
LL45 
LL45 
P23 
P23 
P23 
P30 
P30 
FPS1 
P38 
P26 
HF56 


SILICON MOLDED 
PSEMCU/I ZENER DIODES 


HALF THE SIZE... 
HALF THE WEIGHT... 


HALF THE COST eee (Approx. actual size) 


0.032 DIA 


SILVER LEAD. 
FULL 2 WATT ‘ 


<= 
— <a © 


RATING . . . ore 


LPM, LPMX SILICON MOLDED 


DIODES ARE LOW-COST 
REPLACEMENTS FOR ONE- 


WATT METAL ZENER DIODES. 


SEMCOR’S new LPM, LPMX 
silicon molded diodes are low- VOLTAGE CHARACTERISTICS 
cost replacements for 1-watt 
metal zener diodes. Half the 
size, half the weight, and 
available at half the cost of 
conventional one-watt devices, 
SEMCOR’S new molded 2-watt 
zeners have almost limitless 
military and commercial appli- 
cations. 


LPM’s non-conductive epoxy 
body is capable of withstand- 
ing MIL-S-19500 environmen- 
tal requirements. It has a full 
2-watt rating. In terms of 
temperature shock, the de- 
vices are taken through tem- 
perature cycling from —55°C 
directly to 200°C before they 
are electrically tested. 


RATED POWER DISSIPATION (WATTS) 


LPMX, identical with LPM 
but with only zener voltage 
measured at the specified cur- 
rent, costs even less than the 
LPM. 


25 50 75 100 125 


DIVISION OF 


i COMPONENTS, INC. 
> 3540 WEST OSBORN ROAD 
PHOENIX, ARIZONA 85019 


PHONE: 602-272-1341 TWX: 602-255-0479 
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POWER RATING VS. 
AMBIENT TEMPERATURE 
Ba Sc Hi 

SHBRi. =A 
eh 
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AMBIENT/CASE TEMPERATURE (°C) 


Ultra-fast switching with hp associates 
2900 Hot Carrier Diode is now more eco- 
nomical than ever. New production tech- 
niques and experience have reduced the 
cost of these popular devices, and the 
savings is passed on to you. 

The performance characteristics and 
pricing listed in the chart make the hpa 
2900 ideally suited for use in TV tuners, 
commercial communications limiters, 
detectors and mixers, and multiplexing 
in signal processing. 

Contact your Hewlett-Packard field 
engineer for complete data. 


$97 


TYPICAL SPECIFICATIONS, hpa 2900 


Forward Current Breakdown Voltage 
Vr BV 


20 mamin. @Vr =1.0v 
1.0 mamin: @ Vr =0.4v 


Leakage Current Lifetime 
Ip T 
1 to 99, $3.00 
100 na @ Va =—5.0 v 100 ps 


100 to 999, $2.25 
Data subject to change without notice. Prices f.o.b. factory. 


10 v @ lr =10 wa 


hp associates 620 PAGE MILL ROAD, 


PALO ALTO, CALIF. 94304, (415) 321-8510 
An Affiliate of Hewlett-Packard 
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ELECTRONIC DESIGN 


Low-cost way 


to solid state 


ELECTRONIC 


INNOVATIONS 


G-E economy line semiconductors 


m™ Today, low-cost solid state is a 
reality for dozens of applications 
never before thought possible. The 
reason: G-E economy line semicon- 
ductors. 

Now, for under $2.00, a single G-E 
Triac can control a 600-watt load. 
Yet, less than 10 years ago, it would 
have taken two $145.00 SCR’s. 

G-E economy transistors cost as 
little as 15¢ each. Many high-sensi- 
tivity SCR’s, less than half a dollar. 

And today you can buy one kind of 
rectifier to perform a number of dif- 
ferent functions. New G-E Al14 recti- 
fiers will work almost anywhere you 


C106 SCR 


Economy 
transistor 


New A14 
low-current 
rectifier 


Triac 


Actual size General Electric 
economy line semiconductors 


need dependable, low-power rectifi- 
cation. 

Surely you have at least one ap- 
plication problem that ought to be 
solved by low-cost solid state. Ask 
your G-E engineer/salesman or semi- 
conductor distributor about it... 
and the application experts they can 
call on to help you. 

Or write to Section 220-32, General 
Electric Company, Schenectady, N. Y. 
in Canada: Canadian General Electric, 
189 Dufferin St., Toronto, Ont. Export: 
Electronic Component Sales, IGE Ex- 
port Division, 159 Madison Ave., New 
York, N. Y. 


SEMICONDUCTOR PRODUCTS DEPARTMENT 


GENERAL @@ ELECTRIC 
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Selecting a thyristor to fill a control need 
doesn’t have to be a difficult choice. These guidelines to 
the why, where and how of applications simplify the job. 


When it comes to switching power or control- 
ling phase, think thyristor. No other family 
of semiconductor devices offers such a wide choice 
of suitable designs with comparable efficiency, re- 
liability, flexibility and simplicity. 

In most cases the differences between thyristors 
and other semiconductor types is clear-cut. How- 
ever, Many users are not nearly as confident when 
it comes to selecting from among thyristors alone. 
At first glance, there appears to be some overlap 
in the differing thyristor roles. For example, one 
might ask, ‘““Where does the SCR end and the 
Triac begin ?”’ 

The answer to this and similar questions lies in 
a detailed examination of the thyristor family tree: 

# The silicon-controlled rectifier (SCR). 

=" The silicon-controlled switch (SCS). 

= The gate-turn-off switch (GTO). 

= The four-layer (Shockley) diode, the silicon- 
unilateral switch (SUS) and the silicon-bilateral 
switch (SBS). 

® The light-activated SCR (LASCR). 

=" The three-element, static, ac switch (Triac). 

In each case let us consider first the salient 
characteristics of the device, then its governing 
design parameters, and, finally, the major applica- 
tion areas for which each has been tailored. 


Understanding and using SCR parameters 


The SCR is a regenerative device of pnpn 
construction with three external connections.’ To 
get the most out of this unit and to be able to 
select the best SCR for an application, one must 
have a good working knowledge of the basic 
parameters. The maximum allowable ratings of 
thyristors are listed on manufacturers’ spec- 
ification sheets, so the designer sees at a glance 
the one or two devices that are within his spec- 
ifications. Here are the definitions of the maxi- 
mum allowable ratings that are usually encoun- 
tered on the specification sheets: 

= PF V —The peak forward voltage rating is 
the maximum allowable instantaneous value of for- 
ward voltage that may be applied between anode 
and cathode without risking damage to the device 
if switching to the ON state occurs. 

= Vrxyw—The peak forward blocking voltage 


James L. Brookmire, Applications Engineer, General Elec- 
tric Semiconductor Products Dept., Auburn, N. Y. 
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rating is the maximum allowable instantaneous 
value of forward blocking voltage, including 
transient voltages, which will not switch the SCR 
to the ON state. This specification usually states a 
definite impedance between gate terminal and 
cathode, or a specific bias voltage. 

® Vromcrep)—Lhe repetitive peak reverse volt- 
age rating (with the gate open) is the maxi- 
mum allowable instantaneous value of reverse 
voltage, including all repetitive transient voltages 
—but excluding all nonrepetitive transient volt- 
ages—that may occur across the SCR. 

® Vrom(non-repy—Lhe nonrepetitive peak reverse 
voltage rating (with the gate open) is the 
maximum allowable instantaneous value of re- 
verse voltage, including all nonrepetitive transient 
voltages—but excluding all repetitive transient 
voltages—that may be applied across the SCR. 
This rating is slightly higher than Verom;rep) for 
each specific voltage rating of an SCR type. 


Narrow down thyristor selection problems. Optimize and 
simplify your power and control designs by using Author 
Brookmire’s guide to distinguishing between members of 
the thyristor family. 
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= V.,—The gate trigger voltage rating is the 
de voltage between the gate and the cathode 
required to produce the de gate trigger current. 

= /[, rms—The rms forward current is the 
maximum steady-state rms current that the device 
is rated for. The rms or effective value in this 
specification is independent of waveform. 

® J»;4yy—The maximum average forward cur- 
rent depends upon the conduction angle and is 
usually given in chart form. The chart shows 
maximum allowable case temperature vs average 
current for either dc or various conduction angles 
of a sinusoidal waveform. 

® Liw¢surgey—Lhe peak one-cycle surge for- 
ward current, nonrepetitive, is the maximum 
allowable peak current through the collector 
junction for a positive anode to cathode voltage. 
This specification is for a single, forward, half 
cycle (8.38 ms) in a 60-Hz resistive load system. 
The surge may be preceded and followed by max- 
imum reverse rated voltage, current and junction 
temperature conditions, and maximum allowable 
gate power may be concurrently dissipated. How- 
ever, limitations on anode current during switch- 
ing should not be exceeded. 

= [,,—The holding current is the minimum 
current through the collector junction required to 
maintain the SCR in the ON state for specified 
conditions and load. The gate terminal is tied to 
the cathode through an impedance or bias voltage. 

= /,,—The de gate trigger current is the 
minimum dec gate current required to cause 
switching from OFF to ON for a specified anode- 
to-cathode voltage, junction temperature and gate 
impedance. This is one of the most important 
specifications, for one should always design for 
the maximum gate current required to fire the 
particular device, unless selected units are desired. 

# /°*t—This is the maximum allowable forward 
nonrecurring overcurrent capability for pulse 
durations greater than a specified time (usually 
given in milliseconds). Unit J is the rms amperes, 
and ¢t is the pulse duration in seconds. This spec- 
ification is for applicable fusing of the device used. 

® ¢,;;—The circuit-commutated turn-off time is 
the interval between the time when the for- 
ward current decreases to zero and the device 
voltage reaches zero and is rising to a stated value 
of forward blocking voltage (at a stated rate of 
rise without turning on during switching). This is 
usually stated for specific conditions of junction 
temperature, gate impedance, ete. 


Don’t underestimate rate of rise 


Two other SCR specifications that are very 
important in device selection are dv/dt and di/dt. 
Dv/dt is the rate of change of voltage, with 
respect to time, that is applied to the anode-cath- 
ode junction. Note that any pn junction has capac- 
itance, and the larger the junction area the higher 
this capacitance. It follows then that the charging 
current to this capacitance is equal to C dv/dt. If a 
step function of voltage (line transient) is im- 
pressed across the anode to cathode of the thyris- 
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NOTES:#(I)CURVES SHOWN ARE FOR VARIOUS 
JUNCTION TEMPERATURES 
(2) ANODE SUPPLY VOLTAGE =5.0 Vdc MIN 


MAXIMUM AT-65°C 
MAXIMUM AT 25°C 


HOLDING CURRENT (mA) 
}° 


ifs 

on 

= |= 

La ae MINIMUM: AT -65°C 
0.2 ea MINIMUM AT 25°C 
: bee CA =e aa 

Be MINIMUM AT 125°C---> NOK 


100 200 500 1000 2000 5000 10.000 : 50,000 | 
; 20,000 100,000 
GATE TO CATHODE RESISTANCE -(OHMS) 


1. Holding current is what keeps an SCR in the conduct- 
ing state. It is a function of gate-to-cathode resistance and 
temperature, and is a critical parameter in low-power 
systems and switching circuits. 


tor, the device may inadvertently switch on, due to 
the triggering action of this charging current. 

The definition of the rate of rise of the anode 
voltage (dv/dt) is the slope of a straight line 
starting at zero anode voltage and extending 
through the one-time constant point on an expo- 
nentially rising anode voltage. Methods used to 
increase the SCR’s dv/dt capability are: select a 
higher voltage unit for the application; reverse- 
bias the gate with respect to the cathode, or pro- 
vide a series-RC network across the anode-cathode 
junction to slow the rate of rise of the anode 
voltage transient. 

Di/dt is the rate of rise of the anode current 
with respect to time. In some cases where di/dt is 
faster than the time required for the junctions to 
reach a state of full forward conduction (at uni- 
form current density), localized hot-spot heating 
will occur in the junction region that has begun to 
conduct. This may cause excessive temperature 
rise and subsequent device failure. 

Several methods may be utilized to reduce the 
harmful effect of di/dt.2 To cite a few: series- 
saturable reactors that limit the rise of current 
during the initial period of turn-on; small resist- 
ances placed in series with the anode-cathode, and 
combinations of these two remedies. 

Other parameters, such as storage temperature, 
delay times, leakage currents, turn-on times and 
other voltage ratings, are generally less important 
in most applications. Moreover the specification 
sheets usually contain several charts that refer to 
these factors and to the instantaneous voltage- 
current relationships, power dissipation vs con- 
duction angles, maximum allowable ambient 
temperature vs average forward current for 
rectangular waveshapes, and gate trigger current 
vs gate pulse width, among others. These charts or 
graphs are usually self-explanatory and give 
insight into how the device will perform in (spe- 
cific) applications. An example of such a graph is 
one showing holding current vs gate-to-cathode 
impedance for the C5 SCR (Fig. 1). This charac- 
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teristic is especially important in low-power con- 
trol logic and switching applications. 


A model of SCR behavior 


To obtain a basic understanding of how an SCR 
works, one may analyze its equivalent circuit. 
Since the SCR and all other thyristors are pnpn 
structures, a two-transistor analog may be used 
(Fig. 2).° Figure 2a (from left to right) shows the 
four-layer structure with the three external 
connections. Figure 2b displays the two comple- 
mentary transistors tied in such a way that collec- 
tors and bases of like material, either p or n, form 
a regenerative feedback connection. The complete 
transistor analog appears in Fig. 2c. 

The total anode to cathode current, J,, equals 
the sum of J>, and J,.. It is expressed as 


ne (1+hez,) (1+Arx,) (Ico, + Ico) (1) 
a 1 ia (her, hen) 


With proper bias applied to the transistor pair 
(positive anode to cathode voltage), hy;, and 
Kp. are both low, and their product is much less 
than unity. This condition exists because the only 
currents involved are the leakage currents, which 
are innately small. And because hy, is directly 
proportional to the collector current, these current 
gains are also small. Thus the equation develops a 
value of J, that is only slightly higher than the 
sum of I¢o, and Ico2. This mode of operation in a 
pnpn structure is referred to as the forward 
blocking state, or the OFF condition. 

Now, if the product of hpg, and hry» is made to 
approach unity, the numerator of Eq. 1 approach- 
es infinity and rapid regeneration takes place. 
Here the current builds up and drives both tran- 
sistors to their saturated states, causing the 
thyristor to unblock or turn ON. The anode-to- 
cathode voltage becomes low and is the total 
drop of the three junctions indicated in Fig. 2a. 


e 
CATHODE 


© 


2. The SCR is a pnpn structure with three external con- 
nections (a). It may be represented by two interconnected 
complementary transistors (b). The complete 2-transistor 
analogy (c) shows current flow and the regenerative feed- 
back connection. 
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This condition of regeneration may be made to 
occur by increasing the temperature of the pnpn 
junction in such a way that the leakage currents 
become high enough to provide switching action 
by themselves. Another method is to increase the 
anode-to-cathode voltage, which again increases 
the leakage currents. The technique mainly used 
in the SCR is to provide a positive gate-to-cathode 
voltage (external base current to Q,), which 
causes an unblocking state to be reached by tran- 
sistor action. 

It is interesting to note that in some SCR spec- 
ifications a maximum impedance to be applied 
between gate and cathode is usually specified. This 
is to insure that the SCR will block under a spe- 
cific junction temperature and for a given for- 
ward voltage between anode and cathode. This 
impedance is necessary to divert part of I¢. 
(mostly leakage current) away from the base of 
Q,, so that regeneration will not occur during the 
blocking mode. 


Charting the application course 


Let us now see how to use the parameter data — 
given on specification sheets. We may consider the 
SCR as a two-circuit link—the gate section (in- 
put) and the anode portion (output). Note that 
the cathode is common to both. 

Figure 3 shows the gate-triggering characteris- 


MIN. GATE CURRENT REQUIRED TO 
TRIGGER ALL UNITS AT 


+25°C /-65°C 


MIN GATE VOLTAGE 
REQUIRED TO 
TRIGGER ALL 
UNITS 


MAX. GATE VOLTAGE 
THAT WILL NOT 
TRIGGER ANY UNITS 
AT 125°C =0.25V 


MAX. ALLOWABLE INSTANTANEOUS 
GATE POWER DISSIPATION = 
5.0 WATTS 


INSTANTANEOUS GATE VOLTAGE —(VOLTS) 


CASE TEMP =-65°C TO +125°C 
SHADED AREAS REPRESENT LOCUS 
OF POSSIBLE TRIGGERING POINTS 
FROM—-65°C_ TO +125°C 


) 0.4 0.8 1.2 1.6 2.0 2.4 
INSTANTANEOUS GATE CURRENT —(AMPS) 

3. Gate triggering characteristics for a typical SCR (type 

C35). Note that a locus of firing points exists. Observe 

that temperature, a major factor on the triggering re- 

quirements, should be accounted for in the design. 
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tic of the C35 SCR family. The equivalent circuit 
between the SCR’s gate and cathode terminals 
consists of a low-voltage pn junction with some 
series resistance. Thus the gate characteristics 
may be considered to be those of a modified silicon 
pn junction. 

The small shaded area in Fig. 3 is enlarged in 
the upper portion of the graph. This area repre- 
sents the locus of all points where triggering of all 
types of SCRs in the C35 family (C35U through 
C35N) will occur over the junction temperature 
range of —65°C to +125°C. The boundaries of 
the locus are also shown for operation over lesser 
temperature ranges. For example, note that a 
minimum gate current of 40 mA is required at 
25°C to fire all units, whereas at —65°C, 85 mA is 
needed. A minimum gate signal of three volts is 
required for reliable triggering at both tempera- 
tures. It is imperative that the circuit designer 
stay out of “shaded areas” to guarantee that 100 
percent of the units will trigger. It is recom- 
mended that the trigger point be slightly above 
and to the right of the top-right corner of the 
shaded area (point T). 

The preferred trigger area is bounded by the 
dotted peak-power dissipation curve and the outer 
limits of the shaded area. When operating with dc 
trigger signals, be sure that the steady average 
gate power dissipation rating isn’t exceeded. 

The load line of the trigger source should pass 
through the preferred area of the gate character- 
istic graph so that the triggering signal is as close 
as possible to either the average power dissipation 
(for de triggering) or to the peak power dissipa- 
tion (for pulsed cases). The rise time of the trig- 
ger signal’s leading edge should also be as fast as 
possible. Fast-rising, high-amplitude gate signals 
reduce anode switching time and minimize switch- 
ing dissipation and jitter. This is especially desir- 
able when switching into high anode currents. 
When the gate is driven with some intermediate 
type of waveform, such as a rectangular pulse, the 
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4. Maximum allowable case temperature for sinusoidal 
currents is a function of conduction angle. Note that the 
current decreases (for a given case temperature) as the 
conduction angle decreases. This is because the ratio of 
rms to average current increases as the conduction angle 
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average gate power is determined by computing 
the duty cycle and multiplying it by the peak 
power value of the pulse. The product should be 
less than the rated average gate power dissipation 
of the SCR. 

The gate source is established by the open- 
circuit, gate-source voltage at zero current and 
the shorted circuit current that is produced by the 
source voltage, divided by the source impedance. 

One may easily visualize what actually occurs 
during a pulsed-gate triggered condition. The H— 
I dynamic curve before triggering starts at the 
origin of the graph and sweeps out to intersect the 
trigger source load line. At some lesser value of 
current than that given by the intersection of these 
two curves, the SCR triggers. 


The case for dc over rms 


For another example of how to use the spec- 
ification sheet in designing with SCRs, refer to 
Fig. 4a. This graph shows the maximum allowable 
case temperature vs average forward current for 
different current conduction angles for a sinusoidal 
voltage waveform applied between the anode and 
cathode of the C35 SCR. Note that the current is 
not rms but average dc. One reason average values 
are used is that it is much easier to measure aver- 
age current with a dc ammeter than to find a 
meter that will read the rms value of a phase- 
controlled current. Curves are available that easily 
convert the average value to an rms value for any 
conduction angle. The specification sheets for lead- 
mounted SCRs (like the C5 and C106 types) also 
give the curves for ambient temperature vs av- 
erage current, since separate heatsinks are not 
generally used with these devices. 

It is very important to appreciate the difference 
between case temperature and junction tempera- 
ture. Junction temperature always is higher than 
case by an amount determined by the thermal 
resistance (6) of the device. Parameter 0 is 


NOTES: (1) RESISTIVE OR INDUCTIVE LOAD, 
50 TO 400 CPS FREE CONVECTION 
COOLING. 
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decreases. Thus, average current must be derated to keep 
Tease Constant. Data in a plot of maximum forward cur- 
rent vs ambient temperature for various fin sizes (b) is 
used to help maintain the junction at a proper operating 
temperature. 
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expressed in degree C rise—junction to case—per 
watt of dissipated junction power. 

Since average heating in the device is deter- 
mined to some extent by the rms current flowing, 
the more watts that are generated, the higher the 
average temperature difference will be between 
the junction and case. Since the ratio of rms 
current to average current increases at smaller- 
conduction angles, the allowable average current 
for a given case temperature must decrease as the 
conduction angle decreases, if constant rms is to 
be maintained. This derating at small conduction 
angles also ensures that the peak junction temper- 
ature of the device is not exceeded. Remember 
that small conduction angles lead to high peak 
power as well as high average power and that 
high peak power means high peak junction tem- 
peratures. A similar derating is necessary with 
rectangular current pulses. 

Note in Fig. 4a that the case temperature is 
absolute and defines the thermal gradient between 
case and junction. For example, if one selected an 
average current of 8 A at a 30° conduction angle, 
the maximum allowable case temperature would 
be 60°C, and one could assume that the junction 
was close to its rated value of 125°C. Since this 
particular device usually requires a heatsink to 
achieve any practical efficiency. the thermal resist- 
ance from case to heatsink (°C/watt) and the 
thermal resistance from heatsink to ambient must 
be known before values of current for specific 
ambients can be selected. The curve shown in Fig. 
4b has already accomplished this for various fin 
sizes. It shows the maximum allowable average cur- 
rent, for various conduction angles and different 
heatsinks, that may be used with the SCR, so as 
to maintain proper junction temperature. 

So much for the input circuit design. Let us 
turn now to the output circuit, starting with the 
role of the load. 


Device trade-offs based on load 


A realistic method for selecting the right device 
is to investigate the characteristics of the load. 
Let us then look at three types of typical loads and 
examine the requirements of each. They are: 

1. Incandescent lamp load operating from ac 
supplies. 

2. Resistance loads of a power factor greater 
than 99 percent, also operating from ac supplies. 

3. Inductive loads (phase control of motors, 
static switching, etc.) with both ac and dc supplies. 
=" Incandescent lamps or tungsten loads. 

Two major problems exist for the lamp load 
applications. First, the in-rush current due to a 
cold filament condition can be 15 to 20 times more 
than the steady-state current of the lamp for a 
single cycle of operation. This means that the SCR 
or Triac selected should be able to handle the 
transient in-rush current. 

The second problem occurs when the lamp 
burns out. In this case the lamp filament at burn- 
out has a tendency to arc, thus drawing large 
amounts of current for a short time interval. An 
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example of a potential misapplication would be to 
select an SCR that satisfied the steady-state load 
requirements of the lamp, plus in-rush conditions 
due to a cold filament, but was unable to handle 
the burnout condition with high enough reliabili- 
ty. Therefore an SCR of higher power than that 
required for steady-state conditions should be 
selected to handle the burnout. 

= Non-incandescent resistive loads with a power 

factor of 99 percent or greater. 

With resistive load applications, di/dt and I[°t 
are generally not problems, since there is no in- 
rush or burnout condition. The device must be 
selected on the basis of rms-supply voltage and 
load current. Sufficient heat-sinking must be 
provided to keep the junction temperature within 
specifications. In some cases especially when using 
Triacs) the system inductance (leakage reactance 
of transformers for instance) can cause some 
concern. If enough inductance exists in the volt- 
age source supplying the load, commutation dv/dt 
can be a problem. 

The inductance causes a leading phase shift 
between the voltage applied to the thyristor and 
the current through it. This means that at the 
instant the current becomes zero for one polarity 
of conduction, a voltage is suddenly applied across 
the device in the opposite polarity. At this instant 
the thyristor to which forward voltage is applied 
may conduct, if the rate of rise of the applied 
voltage is higher than the dv/dt rating of the 
device. Since control is lost if this happens, exter- 
nal circuitry would be needed to suppress the rate 
of rise of the applied voltage to within the pre- 
scribed dv/dt rating of the device. A simple RC 
network in parallel with the thyristor does this. 
=" Inductive loads. 

One good example of an inductive load is a de 
motor driven from an ac supply. Here, an SCR 
would normally be the logical choice for the fol- 
lowing reasons: 


POWER 
SCR 


LOAD 


5. Time-extended trigger signals must be supplied to the 
gate of the power SCR in inductive load circuits. Achieved 
by a separate control transformer, it permits sufficient 
current build-up in the power SCR to guarantee latching. 
Alternatively, a series of pulses or a rectangular pulse 
may be applied to the gate. 
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Table 1. Classifying SCRs by application 


Category SCR properties Device characteristics 


Light-industrial SCRs 


Normal turn-off times. 


Heavy industrial and Military SCRs 


High voltage ratings. 


High-frequency SCRs Rapid turn-off. 


High current-handling capability. 
Medium voltage ratings. 


1. With the larger de motors, the voltage re- 
quirement is beyond the range of power transistor 
technology. 

2. The power transistor for the smaller motor 
applications requires separate rectification of the 
ac voltage supply. If SCRs are used instead, they 
rectify as well as control. 

3. In most cases of de motor speed control, the 
power loss in the SCR is minimal, compared with 
the needs of a power transistor operating from a 
de supply. 

4. The locked rotor condition at turn-on is a 
severe problem, because the only circuit resistance 
at this time is the motor armature resistance. The 
SCR inherently has a higher multicycle surge- 
current rating than that of a power transistor of 
comparable steady-state ratings. Therefore it is 
more capable of handling this problem. 

For most motors, ac or de, the problem of com- 
mutation dv/dt exists. The use of an RC circuit 
across the SCR or Triac will limit the rate of rise 
of the voltage across the device. In full-wave 
bridge applications for de motors, the motor 
inductance causes a holding current to flow 
through the SCR during the time the supply 
voltage goes through zero, thus preventing com- 
mutation. A free-wheeling diode placed across 
the load shunts this current away from the SCR, 
thereby permitting it to commutate properly. 

One must also consider the effect of the gate 
circuit when an inductive load is to be driven. If 
pulse firing is used, the inductance of the load may 
prevent sufficient current build-up through the 
thyristor to ensure that it stays on when the gate 
pulse is finished. To eliminate this possibility, it is 
necessary to supply the gate with a sustained 
trigger signal that lasts as long as the thyristor is 
conducting (during each forward half-cycle). A 
typical way of doing this is shown in Fig. 5. The 
pulse transformer fires into the resistive gate- 
cathode of the pilot SCR, which in turn fires the 
power SCR at the desired time. This method is 
suitable regardless of load power-failure. 
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Narrow temperature ranges. 
Low to medium current ratings. 


Wide temperature ranges. 
Highest current-handling capability. 


Passivated structures. 

Available in plastic case. 

Typical features (C106): 
2 Arms, 25-200 volts. 

Typical medium current unit (C35): 
35 Arms, 25-800 volts. 


Usually a metal-encased unit. 
Typical features (2N2542): 
235 A rms, 25-800 volts, -40°C to + 125°C. 


Frequency response approaches 50 kHz. 
Typical features (C141): 
35 A rms, 25-400 volts, 10 zs turn-off. 


Next consider the application itself. Here, 
factors other than load are used to categorize 
SCRs. The primary determinants are current, volt- 
age, temperature and switching speed. 


SCRs breakdown into 3 types 


Today’s SCRs can be generally classified under 
three basic categories: light-industrial types, 
heavy industrial and military units, and high- 
frequency devices (see Table 1). 

The light industrial SCRs (Fig. 6a) are usually 
characterized by narrower temperature ranges, 
low-to-medium current ratings, and normal turn- 
off times. Low-current devices of planar-passivat- 
ed structure are now entering this field. These 
SCRs are characterized by plastic molded cases 
and are relatively low priced. The planar con- 
struction gives a much higher gate-drift stability 
with junction temperature than the normal, 
diffused types. Note that this type of SCR may be 
selected with a tab heatsink. One may visualize the 
difference in size, case construction, and costs 
involved by comparing it with the medium-cur- 
rent unit (Fig. 6b). 

The heavy industrial and military types are 
characterized by wide temperature ranges, high 
current handling capacities, and high voltage 
ratings. Representative of this SCR family is the 
unit shown in Fig. 6c. 

The third general unit is the high-frequency or 
inverter type of SCR. While this device may 
generally be classified as a heavy industrial type, 
it is uniquely characterized by its ability to turn- 
off rapidly. Figure 6d depicts a typical unit in this 
category. Note that high-frequency types differ 
from the heavy industrial units in their applica- 
tion; the former are the only SCRs used in 
inverters, choppers, cyclo-converters and other 
higher-frequency applications. Their frequency 
response is nearing the 50 kHz level; the upper 
limit for heavy industrial units is closer to 2.0 kHz. 

Thus the case is made for the leading member 
of the thyristor family, the SCR. We now turn to 
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(d) 


6. Thyristors may be classified according to application. 
Shown are light-industrial (a) and medium-industrial (b) 
types, a high-frequency unit (c), and a heavy industrial 
type suitable for military use (d). Type (a) has low-current 
ratings (to 2 A rms), (b) medium current ratings (to 35 
A rms), (d) highest current ratings (typically 235 A rms) 
and (c) the fastest turn-off time (10s). 


2 


7. The SCS is a four-terminal device similar to the SCR. 
It is suitable for low-voltage and low-power applications 
(a). The equivalent circuit (b) shows the extra gate (termi- 
nal 3), which is sometimes used for preventing dv/dt 
effects from mistriggering the switch. 
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its relatives, the SCS, GTO, 4-layer diode, SBS 
and SUS, LASCR and Triac devices. 


Spotlighting the rest of the thyristor family 


The remaining thyristor devices are suited for a 
number of specialized, SCR-like applications (see 
Table 2). They have not as yet been made avail- 
able in as wide a variety of package sizes or with 
as high a power-handling capability as the SCR. 


The silicon-controlled switch (SCS), like the 
SCR, is a pnpn structure. However, it has four 
accessible leads (Fig. 7). The SCS is a device 
similar to two complementary transistors con- 
nected in a regenerative feedback arrangement. 
Therefore the normal parameters that cause beta 
to increase in a transistor, such as Voz, Ic, Vez and 
temperature, will cause the SCS to unblock (as 
was the case with the SCR). 


The main difference between the SCR and the 
SCS is that the latter is a four-terminal device 
used for low-voltage and low-power applications. 
The extra lead (anode gate) can be effectively 
used to prevent dv/dt triggering, by returning 
this gate to the positive supply through a large 
resistance. The anode gate may also be used as a 
second gate trigger. 


The transient response time of the SCS is 
dependent on the frequency response of the two 
transistors and the magnitude of the gate drive 
current. The larger the gate drive, the less the 
delay time with low anode currents, and thus the 
fastest response. 


Recovery time, or turn-off time, is a function of 
diverting the npn base drive current in such a 
way that this transistor will turn off. This may 
be accomplished by providing a negative signal 
to the cathode gate or by placing a_ short 
between the anode and the anode gate. By reverse- 
biasing the anode-cathode junction and tying the 
cathode gate to a negative polarity or ground, a 
fast recovery results. 

One of the unique features of the SCS is its high 
triggering sensitivity. At moderate temperatures, 
where leakage is negligible, very large input 
resistances may be utilized to provide extremely 
sensitive triggering levels. Some of the more 
important parameters of a typical SCS (type 
3N82) are: 


8. The gate turn-off switch (GTO) is a pnpn device tailored 
to dc switching application needs (a). It has a higher 
voltage rating than comparable bipolar transistors, as 
exemplified by this sawtooth generator application (b). 
Moreover, its trigger-power requirements are small. 
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= Anode to cathode (forward and 100 volts 
reverse) voltage (max) 
Continuous de forward current 200 mA (max) 
Total power 400 mW (max) 
Operating junction temperature —65°C-150°C 
Holding current 1.5 mA (max) 
Cathode gate current to trigger 1 A (max) 
Turn-on time 1.5 ws (max) 
Recovery time 15 ws (max) 
The SCS may be used as a bistable device, such 
as a Schmitt trigger; as a latching device, with 
negative gate turn-off ; like an SCR, with no dv/dt 
problems, or as a signal SCR, with an extremely 
fast recovery time. 


GTO a natural for dc switching 


The gate turn-off switch (GTO) is a pnpn 
switching device with three terminals (Fig. 8). 
The GTO was designed primarily for de switching 
applications, where it has these advantages over 
the transistor: a higher voltage capability and a 
lower triggering power requirement. 

Like an SCR, it may be latched by a positive 
pulse between gate and cathode; unlike the SCR, it 


Table 2. Other members of the Thyristor cast 


may be unlatched by a negative pulse. A typical 
GTO is rated up to 400 volts in de forward-block- 
ing voltage, and it has- a 25-volt (dc) reverse- 
voltage rating. A series diode in the anode lead 
enables the device to tolerate high reverse voltages 
when needed. But since the GTO is largely used in 
de applications, the diode is a rare necessity. For 
fast turn-on and turn-off, the positive and nega- 
tive gate pulses should have steep leading edges 
and slow decay times. These result in good turn-on 
and fast recovery times. 


SUS and SBS have two states 


The unilateral pnpn switching diode, commonly 
known as the Shockley (or four-layer) diode, is 
designed to block voltage until the breakover 
region is attained. The diodes may be obtained at 
various breakover voltages up to approximately 
400 volts. Like the SCR, the switching level is 
dependent upon the build-up of the breakover 
current to the threshold point of regeneration. 
The device then switches to a low saturation 
voltage level between anode and cathode. This 
results in a large voltage swing at the time of 


Major application areas Characteristics 


Silicon-controlled switch (SCS) 
(see Fig. 7) Binary and ring counters. 

Oscillators. 

Time-delay generators. 

Pulse generators. 

Relay drivers. 

Alarm systems. 


Gate turn-off switch 
(see Fig. 8) 


High voltage flip-flops. 
Ring counters. 
De converters. 


High-speed solenoid devices. 


High-frequency chopping. 


4-layer diode (Shockley diode) 
unilateral switch; 

Silicon bilateral switch (SBS) 
(see Fig. 9) 


Thresholding control. 
SCR/Triac phase control. 
Pulse sharpening. 
Voltage clipping. 
Light-activated SCR (LASCR) Optical relay control. 
SCR triggering. 

Power switching. 

Alarm systems. 

Fiber optic programming. 
Slaved light-activation. 


Triac (see Fig. 10) Ac phase control. 
Synchronous switching. 
Motor-speed control. 
Lamp dimmers. 
Automotive systems. 
Temperature control. 
Electric heating. 
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Sensitive voltage-level detectors. 


A 4-terminal device. 

Used in low voltage (<250 V) and low power (<1.0 w) 
applications. 

High triggering sensitivity. 

Fast recovery time. 


A 3-terminal device. 
Used in de switching applications typified by higher voltages 
than transistors and low trigger-power requirements. 


Two regions: blocking and saturation. 
Forms part of UJT device. 
Rapid regeneration results in fast response time. 


An SCR with a built-in infrared and visible light-sensing 
capability. 
Rated to 200 volts at 440 mA dc. 


Equivalent to two, inverse-parallel connected SCRs. 
Immune to voltage transients. 

May be triggered by ac or dc signals. 

Maximum peak one-cycle forward current rating is 80 A. 
Holding current is 50 mA dc (at 25°C). 

Typical dv/dt rating is 2 V/ ps. 
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switching, and since the regeneration is very 
rapid, the response time is much faster than with 
similar devices. 

Another generation of pnpn switches has suc- 
ceeded the four-layer diode. These devices are the 
silicon-unilateral switch (SUS) and the silicon- 
bilateral switch (SBS). They display excellent 
leakage characteristics, a low breakover voltage 
and a very good temperature coefficient of thresh- 
old voltage. The threshold level is approximately 
7 volts, with switchdown to approximately 1 volt. 
Other representative characteristics are as follows: 
# Power level 350 mW (max) 
® Forward current 200 mA 
= Peak reverse voltage 30 volts (SUS) 
=" Operating temperature —65°C to 150°C 
=" Threshold voltage tempera- 0.05% /°C (max) 

ture coefficient 

These devices show promise for applications 
where accurate control of thresholding (triggering 
level) under widely varying ambient temperatures 
is needed. They are also useful in lower voltage 
phase-control applications. Some units are avail- 
able with a third lead for low voltage triggering 
and resetting, such as the UJT. The SBS voltage- 
current relationship is shown in Fig. 9. 


Focus on LASCR for optical control 


The light-activated SCR (LASCR) is another 
device in the thyristor family. It is a small SCR, 
typically mounted in a hermetically sealed TO-5 
transistor case, with a glass window to permit 
triggering by means of light as well as by the 
normal gate signal. Typical devices are available 
up to 200 volts and are rated to 440 mA dc. 

These units were not developed to be highly 
accurate, threshold light-sensing devices, but they 
can be used in many applications where the sens- 
ing of infrared and visible light spectrums is 
needed. A typical unit (L8 type) will trigger with 
an incident irradiation of 0.01 watts/cm? from a 
tungsten lamp producing 750 footcandles of 
illumination at the LASCR sensing surface. 

The sensitivity of the device depends upon the 
external gate-to-cathode impedance, the junction 
temperature and ambient conditions. Moreover 
the anode voltage, anode current and frequency 
conditions also affect sensitivity. 


Turn to the Triac for ac control 


This recently developed thyristor provides low- 
cost control in many light-industrial applications. 
It is used when ac phase control and zero-voltage 
switching applications demand lower cost than 
can be provided with inverse-parallel SCRs. The 
Triac features bi-directional switching of load 
current with low power gate control (Fig. 10a). 
Unlike the SCR, the Triac cannot be damaged by 
voltage transients of either polarity, since excess 
voltage or dv/dt causes it to conduct, with un- 
wanted power being dissipated into the load. 

The Triac may be triggered by ac or dc gate 
signals, with bi-directional gate voltages for each 
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9. The silicon bilateral switch (SBS) is a pnpn symmetrical 
device exhibiting two regions; blocking (high V, low 1) 
and saturation (low V, high |). These are bordered by the 
breakover limit (point of changing state). 


ANODE 2 


GATE 
ANODE | 


@ 


| SOLENOID 


120 Vrms 
60Hz 


10. The Triac is the equivalent of two SCRs placed in an 
inverse-parallel configuration (a). In a simple phase- 
control application (b), the Triac is triggered by an SBS. 
As a solenoid driver (c), the Triac is easily controlled 
by a simple reed relay. 


anode polarity. For example, when anode 2 is 
positive with respect to anode 1, the most sensitive 
triggering polarity is gate-positive with respect 
to anode 1. Note that a maximum gate current 
specification for a typical Triac is 50 mA. This is 
referred to as first-quadrant positive firing. With 
the same respective anode polarities, the identical 
Triac may be triggered with negative polarity on 
the gate, with a maximum specification of 75 mA. 
This firing mode is referred to as Quadrant I-. 

Similarly, Quadrant III refers to the opposite 
anode polarities; III- being the most sensitive 
(maximum is 50 mA) and III* being the least 
sensitive of the four cases, with no maximum gate 
current guaranteed. However, 75 mA in III‘ will 
trigger the majority of Triacs. The greatest 
percentage of Triacs will trigger in Quadrant I* 
and I- with gate currents between 5 and 25 mA. 
Selected units may also be obtained for guaran- 
teed specific maximum triggering levels. 

At present, typical Triacs may be obtained in 
two voltage levels, namely 200 and 400 volts, with 
6 and 10 A rms forward ratings in each voltage 
group. For resistive loads, single Triacs can 
switch up to 2.4 kW on a 240-volt rms line. Triacs 
are capable of being slave-driven in both phase- 
control and zero-voltage switching circuits. Thus 
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large amounts of power may easily be controlled. 
The limiting point in power-handling capability 
is an economic factor that dictates a comparison 
between the cost of additional Triacs vs the cost 
of two high-current SCRs connected inverse-par- 
allel (with their associated firing circuits). 

The typical dv/dt capability is 4 volts per mi- 
crosecond under the conditions of maximum rated 
rms current, a case temperature of 75°C, and 
a peak voltage of 200 applied at an exponential 
rate. Fig. 10b shows a Triac being triggered by a 
Diac (or SBS) in a simple phase-control applica- 
tion. In this circuit the Triac is being fired in 
Quadrants I+ and III-. For each half cycle, the 
capacitor begins to charge up to the line voltage 
until the threshold of the trigger switch is 
reached. At this time the capacitor discharges 
through the gate circuit of the Triac, switching 
the Triac ON. It remains latched until the end of 
the half cycle, at which time the process repeats. 

Let us now run through the step-by-step design 
procedure for a representative thyristor circuit. 
We choose the Triac device because it typifies a 
second-generation SCR. 


Step-by-step design of solenoid driver 


Let us assume we have a solenoid that will be 
energized with the contacts of a reed type 
switching relay. We will use a Triac in such a way 
that the contacts of the reed switch open and close 
the gate circuit of the Triac, thereby directly 
switching the solenoid ON and OFF. 

The parameters of the solenoid coil are L=0.1 H 
and R=1.0 ©. Line voltage is 120 volts 60 Hz. 
Since this is a problem of static switching we first 
draw the proposed circuit diagram (Fig. 10c). 

A quick calculation for the full wave, steady 
state value of inductive reactance is: 

X, = joL = j2rf L = j 87.7 Q. Since the coil RF is 
1.0 2, the circuit impedance (Z) is approximately 
j38 2. The rms current is 


_ 120+j0 _ 12070° 
BRS (Seles ke 


Thus we find that. the rms current in the anode 
circuit lags the applied voltage by 90°. We also 
know that we may use a 200-volt, 6-A rms Triac 
with a reasonably small heat sink, since the am- 
bient requirement is normal room temperature. 
The Triac will be triggered in the first quadrant 
positive (It) and third quadrant negative (III-) 
and the maximum gate trigger current needed for 
either quadrant is 50 mA to insure reliable trigger- 
ing of all Triacs used. 

We select R to be 150 ©. This insures that the 
peak gate current is less than the 3-A rating; that 
the gate power dissipation is not excessive, and 
that the gate load line provides high gate current 
for fast switching. To test our final design, we 
construct the circuit in the laboratory. 

After switching on the circuit by energizing the 
reed switch, we find that we can’t turn it off when 
the reed switch contacts are opened. 

Could we have neglected the commutation dv /dt 


I = 3.15/7-90° A (2) 
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Don’t rule out high-power SCRs! This industrial SCR unit 
is water-cooled, operates directly from 480-volt distribu- 
tion lines and can switch 1.5 MW loads. It blocks 1800 
volts and can handle 1200 A rms. 


of the Triac? 

The answer is yes. When the relay contacts are 
turned off, the Triac will conduct until the load cur- 
rent becomes zero. At this time the line voltage 
is at a leading phase angle of approximately 90° 
and the solenoid coil voltage is zero such that the 
applied voltage is felt directly across terminals 
T, — T.. Depending upon the distributed capacity 
of the solenoid, the rate of rise of this applied peak 
line voltage could very easily be greater than the 
dv/dt capability of the Triac (typical value = 2 
volts/us). A dv/dt suppression network may be 
required. 

The circuit is retested with a new Triac and the 
dv/dt is checked oscilloscope for the condition of 
circuit turn-off. Several trials indicate that dv/dt 
is approximately 5 volts/us and that the Triac re- 
mains ON, even though the gate switch is OFF. A 
suppression network of 0.1 uF in series with a 
100 © resistor is placed in parallel with T, — T, 
and the circuit performs satisfactorily for all 
Triacs tested. = = 


References: 
1. General Electric SCR Manual, Third Edition 


2y “Di/dt failures in SCR circuits—their cause and 
prevention,” By R. Weschler, ELECTRONIC DESIGN, Aug. 
16, 1965, pp 140-145. 


3. General Electric Transistor Manual, Seventh Edition 
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a little... 


Hoffman provides semiconductors of inherent relia- 
phi completely compatible with the manufacturer’s 
needs. 


The Hoffman “‘N” series solar cell, an N/P, shallow 
diffused, photovoltaic device is optimized for opera- 
tion in the spectrum of space. These cells are tested 
and qualified for radiation resistance in accordance 
with GSFC (NASA) Specification No. 63-106. An elec- 
trically conducting grid has been sintered to the 
active surface to reduce sheet resistance and thus 
increase conversion efficiency. 


These physical characteristics are manufacturing 
tolerances for all Hoffman Semiconductor Solar Cell 
Types. 

1. OHMIC CONTACT: (A) Electrically continuous and 
mechanically bonded. (B) Extends to .032 inches 
from the edge of the cell. 

2. GRID LINES: Guaranteed to .100 inch tolerance. 
Hoffman’s photo masking technique assures com- 
plete mechanical tolerances. 

3. EDGE CHIPS: .010” wide, .100” long not to exceed 
one such chip per top and one per bottom edge of 
cell. 

4. ee CHIPS: .030” on the hypotenuse of the 
chip. 

5. WEIGHT: N120CG .18 Gr. Avg. N220CG .36 Gr. Avg. 

N210CG .18 Gr. Avg. N230CG .54 Gr. Avg. 


Typical Electrical Specifications 


7p A UM | PORN GF cee bal le ere 430 mV @ 135 mA 
SRE ZOMG AU. ee eres scat te iiece 430 mV @ 65 mA 


Test Temperature: 28°C + 2°C. 


Hoffman solar cells are coated with silicon monoxide 
to render the active area anti-reflective to obtain 
maximum use of solar energy. These cells withstand 
temperature excursions from —196°C to +-200°C. 
STANDARD ENVIRONMENTAL TEST: Each lot of cells 
is immersed in boiling DI water for periods to one 
hour followed by a live steam test for a comparable 
period. 

All of these advantages insure complete compatibility 
of products for industrial uses. 


N210CG N120CG N220CG 


Hoffman solid state photo-sensing devices are now 
being used for measuring, cloth cutting, sequence 
counting, liquid level gauging, data processing and 
other manufacturing functions requiring absolute 
accuracy. 


TYPICAL INDUSTRIAL COMPATIBLE PRODUCTS: A shaft 
encoder is currently being produced to mechanical 
tolerances of +.0005” and electrical parameters 
matched within 2%. Data processing readouts are 
being produced with an la of 3 wA max.-at 1.5 volts 
reverse bias. Other sensing elements are being made 
with active areas as small as .002” x .023” and as 
large as 2.5” x 1.0”. 


For additional information regarding these products 
write: Hoffman Electronics, Dept. A, El Monte, Calif. 
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the full dimension of Motorola semiconductors, with instant capability 


Pee dicta. BH) Speviolet INC. 


5700 WEST NORTH AVENUE - CHICAGO, ILLINOIS - (312) NA 2-8860 


20203 Ann Arbor Trail * Suite 102, Bldg. A * Dearborn Heights, Michigan * (313) 271-4240 
601 West 66th Street * Minneapolis, Minnesota * (612) UN 6-3434 
6154 Jefferson Avenue « St. Louis, Missouri * (314) JA 1-8866 
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In choosing diodes, don’t settle for second best. Nearly 
all are optimized for a specific characteristic, so use this 
application guide to pick a winner every time. 


Few engineers realize that each diode type, 
including general-purpose, has been tailored to 
meet the needs of a specific class of applications. 
This “application-fitness,” achieved by V-I char- 
acteristic, electrical parameter control, package, 
or wafer construction, is the governing criterion 
for choosing the best diode for the job. 

In line with this we have drafted a table of the 
major diode categories to help with selection.* It 
contains information on key application areas, 
critical design parameters and salient characteris- 
tics for the most popular diode types. 

Although a diode may be used with some meas- 
ure of success in an application other than the one 
it has been optimized for, chances are that one or 
more of its parameters will be compromised and 
efficiency, life, or some other vital characteristic 
shortchanged. By contrasting the characteristics 
of different types, the table should give a clue to 
their suitability for any application. 

To supplement this contrast and selection in- 
formation, here is a breakdown of the maximum 
ratings and electrical characteristics common to 
nearly all diode types. This examination includes 
the definition and procedures used in calling out 
these diode parameters. 


Maximum ratings 


® Vimcwkgy—Reverse voltage rating; the rated 
repetitive peak working voltage of a device 
is usually specified below the avalanche break- 
down voltage to provide the safety factor required 
in the application for which it is designed. Higher 
voltage devices must sometimes be derated as a 
function of operating temperature due to forward 
and reverse power dissipation and increase leakage 
at elevated junction temperatures. 

=» /,—Average rectified forward current; this 
rating defines the current rating of diodes de- 
signed for use primarily in rectifying applica- 
tions. It is determined by the manufacturing 
process, wafer size, and package design, and is 
rated as a function of operating temperature. 

=" /,,—Peak forward current; this rating 
defines the recurrent peak forward current which 


*This table is tailored to the “who-makes-what” chart in 
the diode section of this Directory (pp. 164). The table 
does not include thyristors, which are covered in a separate 
article (see p. 144). 


Robert G. McKenna, Senior Engineer, Texas Instruments 
Inc., Semiconductor Division, Dallas, Tex. 
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may be seen by the diode. An example of a severe 
case is operation of the diode in a capacitive-input 
filter circuit. Ipy is usually derated as a function 
of temperatures. 

® Tpycsurgey—ourge current; this is the non- 
repetitive current rating. It is usually specified as 
the current which a rectifier may be subjected to 
for a given number of times (usually 100) without 
failure, and as such, is a fault-condition rating. 
Some manufacturers provide a more conservative 
surge rating which is not limited to a given num- 
ber of occurrences. That rating may be used to 
determine the safe inrush current in capacitive- 
filter type applications. It normally assumes that 
the device is allowed to return to thermal equili- 
brium prior to re-application of the surge. 

= P—Power dissipation; the maximum power 
dissipation capabilities of the device under the 
conditions defined on the data sheet. 


Electrical characteristics 


= Ver—Reverse breakdown voltage; this is 
specified as a minimum characteristic of the diode, 
usually at a low leakage current and at a specific 
temperature. 

« ],—Static reverse current; the _ reverse 
leakage current under specified reverse bias and 
temperature. 

=» V,—Static forward voltage; the forward 
voltage drop at a stated forward current and 
temperature. Usually measured with pulse tech- 
niques to overcome junction heating errors. © & 


Pinpointing diode parameters. Author McKenna works 
out the design of a diode circuit. He developed the ap- 
plications-oriented guide to selecting diodes and rectifiers 
so as to save time and optimize circuit performance. 
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Applications - Oriented Parameter Study 


Device type Major applications Governing parameters Key characteristics 


General purpose diodes Low-power rectification with capacitive ley (surge) for inrush current. Devices optimized for high-forward trans- 
(Fig. 1) inputs (voltage-doublers, triplers). conductance. Application typified by 
medium voltage levels (1 - 600 volts). 


ley for peak, recurrent operating current. 


Low-power rectification with inductive Peak transient reverse voltage rating. 
inputs (L-filters, high-L transformers, 
magnetic amplifiers). 


Clamping, decoupling, biasing circuits, Forward transconductance. 
dc relay networks. 


Rectifiers (Fig.2) Power rectification (includes convention- Average forward current rating. Devices are high-power diodes especially 
al rectification, high-voltage power Peak reverse voltage rating. packaged for rectifier service. 
supplies, photomultiplier tube biasing, Power dissipation. Units are optimized for high forward- 
radar and infrared systems). Surge current. conductance and minimum thermal 

Peak transient reverse voltage rating. impedance. 
Thermal resistance. 
Transient thermal impedance. 


Fast-recovery rectifiers High-frequency converters, multiphase Reverse recovery time. Typified by recovery times of the order 
rectifiers and high-speed power switch- Reverse recovery current. 
ing. Total device capacitance. 
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1. Forward-biased diode characteristics for a general- strate that junction temperature has a greater influence 
purpose type show how temperature affects the V-I re- on the reverse current than that due to the applied reverse 
lationship (a). The reverse-biased characteristics demon- voltage (b). 
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OUTPUT 


Vout *!rr RL 


EXTRAPOLATE 
SLOPE AT POINT 
OF INFLECTION TO 
ZERO REFERENCE 


2. Reverse recovery time is a critical parameter in recti- 
fiers. Denoted by't,,, its measurement requires that a 
slope extrapolation be made. 
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3. RF diodes are often used to switch high-frequency 
signals (a). Plot of off-port isolation vs frequency (b) 
shows that the series resistance of the diode at 1 kHz 


4. A critical parameter for computer and high-speed di- 
odes is the reverse recovery time, t,,. Measured by the 
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5. Current vs voltage relationship for a reverse-blocking 

diode thyristor shows how a blocking characteristic is 

achieved in this device. 


TYPICAL VALUES 
AT Vp=300V 


OFF-PORT ISOLATION (dB) 


FREQUENCY (mHz) 


© 


is within 159% of its value at 50 MHz. This magnitude 
is usually less than 1.0 ©. Note that V, refers to the 
reverse voltage. 


OUTPUT 


OUTPUT 


lp 
0 


test circuit (a), it is calculated from observations of the 
output-current waveform (b). 


ELECTRONIC DESIGN 


Vg -VOLTS 


Vp -VOLTS 


NOISE REGION 


6. Noise diode characteristic shows the useful operating 
region (at the point of avalanche breakdown) for white 
noise generation. 


Applications - Oriented Parameter Study (continued) 


100 


REGION OF 
MATCHED CHARACTERISTICS 


Ip (mA) 


50 


0.2 04 0.6 


Ve (VOLTS) 
7. Forward voltage drop is the criterion for establishing 


the region of matched characteristics for matched-diodes. 
Current level and temperature are the other key factors. 


0.8 1.0 


Device type Major applications Governing parameters Key characteristics 


RF diodes (Fig. 3) 


Computer and high-speed 
diodes (Fig. 4) 


Reverse-blocking diode 
thyristors and 4-layer 
diodes (Fig.5) 


Noise diodes (Fig. 6) 


Matched diodes (Fig. 7) 


Microwave diodes (Fig. 8) 


May 17, 1966 


RF detection circuits. 
Small-signal, low-voltage diode applica- 
tions. 


Diode gates, diode-capacitor storage, 
low-power diode switching and other 
“‘speed’’ applications. 


Low-power circuits (bistable circuits, 
switching circuits, ring counters and 
SCR triggering). 

High-power circuits (power switching, 
squib firing, pulse-forming, tone gener- 
ators, proportional power control). 


White noise generation. 

Random noise source in ECM jamming 
equipment. 

Random function generator (vibration 
table drives). 


Critical biasing circuits. 
Differential circuits. 
Logarithmic attenuators. 
Signal limiters. 


Parametric amplifiers. 
Parametric limiters. 
Microwave switches. 
Phase-shifters. 
Harmonic generators. 
Sub-harmonic oscillators. 


Reverse recovery time. 


Reverse-recovery time (<300 ns). 
Low junction-capacitance (<4pF at zero 
volts). 


Working blocking voltage. 
Anode breakover voltage. 
Average forward current. 

Peak recurrent forward current. 
Power rating. 

Conducting voltage drop. 
Holding current. 

Latching current. 

Allowable rate of dv/dt. 


Available noise level. 
Bias voltage requirements. 


Forward voltage drop. 


Total capacitance, Cy. 
Cutoff frequency, f 
Figure of merit, Q. 
Noise figure, NF. 
Package inductance. 
Power and voltage ratings. 


CO" 


Units have small-area junctions for mini- 
mum capacitance. 


Typified by reverse voltage ratings <100 
volts and forward voltage drops of 1 
volt (approx.) at 10 - 50 mA. Note that 
forward transconductance, surge current 
ratings and reverse voltage ratings are 
relatively poor here. 


Blocking characteristic exists until a 
breakover value is reached; then 
devices switch through a negative- 
resistance region into a low-impedance 
conducting state. 


White noise is generated at the point of 
avalanche breakdown. 


Matched at several different current 
levels and (if required) at various tem- 
peratures. 


Optimized for use at frequencies above 1 
GHz. 
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8. Junction capacitance, a key design parameter, and 10. The various operating regions and threshold levels of 
diode current are non-linear functions of voltage in the the tunnel diode are depicted in this forward current- 
microwave diode. forward voltage characteristic. 
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9. In varactor diodes, the total capacitance C, is inversely 11. Symmetrical characteristics in varistors are obtained 
related to reverse voltage V,. Two to five times the nomi- when two identical diode junctions are placed in an in- 
nal capacitance is the range available. verse-parallel configuration. 


Applications - Oriented Parameter Study (continued) 


Device type Major applications Governing parameters Key characteristics 


Optimized for their voltage - variable 
junction capacitance. Peak reverse- 
voltage ratings range between 15 and 
100 volts. Device capacitance is be- 
tween 2 and 50 pF and capacitance 
ratio range is 2.0 to 5.0. 


Normal peak reverse voltage. 
Power dissipation. 

Total device capacitance, Cy. 
Capacitance ratio, Cy)/Cyp. 
Figure of merit, Q. 


Varactor diodes (includes 
variable reactance types) 
(Fig. 9) 


Automatic frequency-control. 
Voltage-variable tuning circuits. 
Harmonic generation. 

FM modulators. 


‘Tunnel diodes (Fig. 10) Memory units. 
Logic circuits. 
Oscillators. 


Amplifiers. 


Peak current, Ip. Provide a negative-resistance character- 
istic in the forward-bias region below 


the stand-off voltage. 


Valley current, ly. 
Current ratio, ly/Ip. 


Valley voltage, V\. 


Delta voltage, Vy - Vp- 


Usually two diode junctions connected in 
an inverse-paralle! configuration. 


Non-linear impedance vs voltage charac- 
teristic. 


Varistors (Fig. 11) Signal-limiters. 
Audio-clipper circuits. 
Noise and transient suppression. 


Meter protection. 
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high speed 
mercury wetted 
relays 


THE ADAMS & WESTLAKE COMPANY e ELKHART, INDIANA 46514 e U.S.A. 


Phone: (219) CO 4-1141 


form |C/ sensitive mercury wetted contact relays 


SINCE 1857 


type AWCA - 16000 8 r 


| NO. 2 WINDING 
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~~ WIRING DIAGRAM 
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| a To prevent the accidental bridg- 
ing of terminal pins with accu- 
mulated solder, solder steps or 
standoffs are used. When _ in- 
cluded in the relay design the 
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form [D/ neutral mercury wetted contact relays Concer) 


type AW NA - 1600 


; 
040 ey 

NO. 2 WINDING 

DIA. PINS i _ REQ'D 
SINGLE OR NO. 1 

Bs — WINDING 

2 = + 
WIRING DIAGRAM 

BOTTOM VIEW 


Relay types AWNA and AWPB are 
identical in size and configura- 
tion. Each is a single switch-Form 2 
D-neutral (bridging) type relay, type AWP B a 16000 
and is available with either single 
or dual wound coil. Relay type 
AWPB is polarized by means of 
permanent magnets and is avail- 
able in Single-Side-Stable, Bi- 
Stable or Chopper form. 


type AW NA - 2600 


3.2 min. 


THE ADAMS & WESTLAKE COMPANY e ELKHART, INDIANA 46514 e¢ U.S.A. 


cay, lugh speed mercury wetted relays 


contact protection 


magnetic mteraction data 


Magnetic interaction is described as the un- 
authorized operation or variation in characteris- 
tics of a relay adjacent to another relay, when 
either device is energized or is being removed 
from the equipment. The following dimensions 
must be observed to insure that interaction be- 
tween relays is eliminated. 


‘gee 


OO oe 
Go Oo! 


F/B — Front to Back Clearance 
key S/S = Side to Side Clearance 
B/T = Bottom to Top Clearance 


AWNA 


AWPB ye” 
AWCA Ya” 
AWCL Y%” 
AWCS-26000 Yay” 


AWNA-2600 
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12. Normal operating region in a typical zener diode char- © 
acteristic is between I,, and I,,. The normal quiescent 
bias point is at I, >. 
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13. Wide-range ambient temperature excursions (AT,) 14. Photo diodes exhibit a variable response (impedance) 
have little influence on the junction temperature (T,;) and over a portion of the wavelength spectrum (a). Note, how- 
oven power (W) in this compensated reference diode. ever, that their frequency response (b) is fairly flat. 


Applications - Oriented Parameter Study (continued) 


Device type Major applications Governing parameters Key characteristics 


Zener diodes (Fig. 12) Reference elements. Zener breakdown voltages, Vz. Operate in avalanche-breakdown region. 
Shunt-voltage regulators. Temperature-coefficient of zener voltage Voltage ranges between 3and 250 volts; 
Voltage-reference elements. AV>/ATa. : power rating is from 150 mW to 50 W. 
Biasing networks. é A 
Interstage coupling. 
Suppression circuits. 
Voltage clipping. 


Dynamic Zener impedance, Zz. 
Power rating, Pp. 


Low temperature-coefficient Voltage reference elements. Zener voltage, V7. Usually a series combination of selected 
reference diodes (Fig. 13) Standard cell replacements. low-voltage Zener diodes and forward- 
Critical voltage regulators. biased diodes. Fixed bias current oper- 

ation is recommended. 


Temperature coefficient, AV7/ATy. 
Power requirements. 


Photo diodes (Fig. 14) Character recognition. Light current, |) . Output impedance is usually inversely 
Card/tape readouts. Dark current, Ip. proportional to radiated light power 
Photoswitching. levels. 
Proportional control systems. 
Difference amplifiers. Rise time and fall time. 
Latching networks. Spectral response. 
Light-sensing. 
Photo-modulation. 


Total capacitance, Cy. 
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One Good Single-Turn Calls for Another... 
Now Bourns Offers You Eight! 


Whenever it’s a question of single-turn precision poten- quantity. Exclusive SILVERWELD® multi-wire termination 
tiometers, you get more and better answers from Bourns. _ eliminates the chief cause of potentiometer failure. Construc- 


Here’s the all-star lineup: tion insures humidity performance that meets the cycling 

requirements of MIL-R-12934. One hundred per cent inspec- 

BUSHING sale ll SEnye Lilt atl tion and the double-check follow-through of the Bourns Reli- 

Model S536 7er Model 3580, %s r ability Assurance Program are your final quality guarantees. 

att renee bale ae ry Whatever you need in single-turns, you'll find the answer at 
’ ’ ae ! i i 

Model 3440, 3” Model 3490, 3” Bourns — the complete source! Write for technical data on 


our entire line of bushing and servo models, KNOBPOT® 


In this complete single-turn line, the quality matches the potentiometers, and turns-counting dials. 


Bourns’ thin design lets you gang units 
in minimum depth; for example, Model 3580 allows 
24 cup sections in less than 6 inches. 


BOURNS, INC., TRIMPOT DIVISION 

1200 COLUMBIA AVE., RIVERSIDE, CALIF. 

PHONE 684-1700+-TWX: 714-682 9582 
CABLE: BOURNSINC. 


SILVERWELD and KNOBPOT are registered trademarks of Bourns, Inc. 


TRIMPOT® AND PRECISION POTENTIOMETERS — RELAYS — MICROCOMPONENTS: TRANSFORMERS, INDUCTORS, RESISTORS AND CAPACITORS 
ON READER-SERVICE CARD CIRCLE 52 


Large helpings? precisely! 


% 


Smaller and smaller and smaller parts . . . tighter and tighter tolerances. . . in larger 
and larger quantities... this is the story of microceramics. Regular production EXAMPLES OF AS-FIRED TOLERANCES 
includes substrates so tiny that a teaspoon holds more than 8,000 parts! Coors HELD BY COORS IN REGULAR PRODUCTION 
offers a complete facility for creating small, consistent, ceramic substrates—in 

several Coors Alumina and Beryllia ceramics, metallized or unmetallized. To assure 

economy, ‘‘as-fired”’ parts are produced in quantity, to extremely close tolerances 

(as shown at right). Let Coors provide the special help you need. Write for ‘‘Ceram- HOLE PATTERN 


-205 x.257 x .030 


LOCATION OF 
ic Substrate Design,’’ Data Sheet No. 7002, or call your nearest Coors Regional Pr eee fae Oe HOLES 
Sales Manager: SOUTHERN CALIFORNIA: R. E. Ousley, (213) 347-3060, Los Angeles, Calif. Bay AREA AND ie WITHIN .001 
NortTHwest: W. Everitt, (408) 245-2595, Sunnyvale, Calif. Mipwest: Tom Daly, (312) 529-2510, Chicago, IIl. 

CENTRAL: Don Lewis, (216) 228-1000, Cleveland, Ohio; East Coast: Robert F. Doran, (516) 427-9506, Huntington, 
N.Y.; Herbert W. Larisch, (215) 563-4487, Philadelphia, Pa.; Nsw ENGLAND: Warren G. McDonald, (617) 222-9520, , 2 .097 x _.222 
‘Atilebore- Mass.; SOUTHWEST: William H. Ramsey, (713) 864-6369, Houston, Tex.; John West, (214) AD 1-4661, 001 CON. ° eM 
Richardson, Tex. CENTRICITY ; 001 CAMBER 
.186 DIA. 
ain Teen ‘013 THICK- 
NESS + .0005 @ 8 NESS + .0005 
‘001 CAMBER .001 CAMBER 
.268 DIA. oe er 
.002 FLAT- a & i 
NESS © 
= .015 THICK- 
ON READER-SERVICE CARD CIRCLE 53 -010 THICK- NESS + .001 
NESS + .001 ‘001 MAX. 
CAMBER "230 1D. 
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1966 Diode Manufacturers’ List 
(According to Device Type) 


To find the manufacturers of a specific type of diode, locate the 
device type in the columns on top. Dots are placed in the column to 
identify the manufacturers, listed at the left. 

To determine the diode product line of a specific manufacturer, 
locate the company name in the horizontal rows at the left. Dots 
are placed in that manufacturer’s row under each type of diode 
device that forms a part of his product line. 


Aton Div. itn Indust SES Siar & See as 
At nds ne eR 


oS 
ae 


ai omihice Div. 
Bradley Semiconductor Corp. 
Burroughs Corp. 
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Key to special purpose diodes category 


Arrays = Pin diodes 
= Bridges, stacked, or special assemblies = Snap diodes 
Bilateral switch = Photo SCRs 
Multi-junction forward regulators Radiation detectors 
Constant-current source Suppressors 
TV dampers = Selenium rectifiers 
Specially diffused silicon diodes Stabistors 
Light emitting diodes — = Symmetrical switch 
= Controlled forward conductance diodes = Thin-film applications types 
= High voltage elements Trigger diode 
Ha = Hall effect generators Multi-current reference 
La = Lasers Y Relay diode 


Special 
Purpose 


Heliotek Div. Textron Elec- 
tronics Inc. 


Hoffman Electronics Corp. 


Hughes Aircraft Co. Microelec- 
tronics Div. 


nternational Electronics Corp. 
International Rectifier Corp. 


Korad Corp. 


National Electronics Corp. 


Ohmite Mfg. Co. 
aa CC, La,N,P, ae: R, 
Sur ay Uhy 


Power Components Inc SRN Ee AR a Se eB a 
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Tarzian value-researched 


Some research develops new products...some research develops better & 
products... some research develops better products at lower cost... * 


Bovine design engineering data, including applications, test circuits, manufacturing 
methods and detailed electrical and mechanical specifications are available on Tarzian Semi- 
conductors. This is just one phase of Tarzian value oriented service that includes application 
engineering assistance, MIL testing, quick quotations, fast sampling and competitive prices. 
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AVALANCHE SILICON RECTIFIERS 


Avalanche characteristics standard at no extra cost. 
Low Current (1.0—1.6 amps DC, 100—800 PIV) 
Medium Current (2—12 amps DC, 100—600 PIV) 
High Current (25—350 amps DC, 100—600 PIV) 
High Voltage Cartridges (to 30,000 PIV, 50-250MA) 


Tube Replacement (over 25 types available) 
Check 191 Reader Service Card 


SILICON RECTIFIER ASSEMBLIES 


(AVALANCHE) 
Avalanche characteristics standard at no extra cost. 
2.0—400 amp DC (50—600 PIV) single phase bridge 


15—500 amp DC (50—600 PIV) three phase bridge 
Check 192 Reader Service Card 


STS 6612 


ZENER VOLTAGE REGULATORS 


0.25—50 watts, 5.6—200 volts—over 940 IN types 


in 5 voltage ratings and 8 series 
Check 193 Reader Service Card 


SELENIUM RECTIFIERS 


20—320 volts, full wave, half wave, single phase, 
three phase, open, embedded, metal enclosed, and 


dozens of special types 
Check 194 Reader Service Card 


SILICON CONTROLLED RECTIFIERS 


8—5 amps 100—600 volts 
Check 195 Reader Service Card 


ELECTRONIC DESIGN 


semiconductors 


TARZIAN CONDUCTS ALL THREE KINDS@ 
AND HERE IS AN EXAMPLE OF THE LATEST @ 


KLIPVOLT SURGE SUPPRESSORS 


63—1020 max. clamping volts single phase non- 
polarized; peak discharge current .2 to 180 amps. 


22—272 max. d-c blocking volts single phase 
polarized; max. discharge current .25 to 430 amps. 


85—600 max. clamping volts three phase, non- 


polarized; peak discharge current 2.5 to 180 amps. 
Check 196 Reader Service Card 


The highly condensed listings shown here represent 
literally thousands of different types of semicon- 
ductor rectifiers. Complete listings of standard 
units are given in the technical publications cover- 
ing each product group. Special types can be 
designed to meet your specifications. Contact your 
local Sarkes Tarzian sales representative or write 
directly to us for details. 


IMMEDIATE DELIVERY 


on most types is available through a nation wide net- 
work of Tarzian Industrial Electronic Distributors. 
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TARZIAN 


AVALANCHE RECTIFIERS 
WITH UP TO 125% GREATER 
MEAN TIME TO FAILURE* 


A 2,000,000 unit hour test program recently com- 
pleted by Tarzian shows statistically significant 
advantages for avalanche rectifiers and shows that 
the derating-safety factor concept is not applicable 
to avalanche rectifiers. 


TEST METHODS: Random samples were 


tested on an automatic life tester which provided 
load conditions closely approximating usual field 
operation. Daily test results of peak inverse voltage 
and forward voltage drop were automatically 
recorded and accumulated. Current and voltage 
variant sub-samples were used to test efficacy of 
derating-safety factor procedures. 


TEST CONCLUSIONS: Greater MT'TF is 


exhibited by Tarzian avalanche rectifiers than by 
standard types without avalanche characteristics. 
When moderate, long term overloads are applied 
(183% of rated current), avalanche rectifiers have 
a minimum improvement of MTTF of 125%. At 
rated current, avalanche rectifiers have as much as 
123% improvement of MTTF, and a minimum of 
6% improvement in MTTF. Derated 33% from 
rated current, avalanche rectifiers have a 20% 


oy A cz K Fe ong TA rt Zz iA Ni j 1 Ni ES _ improvement in MTTF over conventional rectifiers. 


SEMICONDUCTOR DIVISION * BLOOMINGTON, INDIANA *with 95% confidence 


World’s leading Manufacturers of TV and FM Tuners « Closed Circuit TV systems ¢ Broadcast 
Equipment e Air Trimmers e FM Radios « Magnetic Recording Tape e Semiconductor Devices 
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Key to special purpose diodes category 


Arrays Pin diodes 
Bridges, stacked, or special assemblies = Snap diodes 

= Bilateral switch Photo SCRs 
Multi-junction forward regulators R Radiation detectors 
Constant-current source Suppressors 
TV dampers . = Selenium rectifiers 


= Specially diffused silicon diodes = Stabistors 

= Light emitting diodes = Symmetrical switch 

= Controlled forward conductance diodes = Thin-film applications types 
High voltage elements = Trigger diode 
Hall effect generators = Multi-current reference 

= Lasers = Relay diode 


Special 
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SILICON TRANSISTOR CORPORATION 


@ SILICON NPN AND PNP POWER TRANSISTORS @&) 


Silicon Transistor Corp. makes more different silicon power transistors than any other manufacturer. 


NPN Types NPN Types 
Pd Pd 
Watts @ Vcelsat) @ Watts @ Vcelsat) @ 
Case 100°C BVcEOo hre Ic _—*Volts Ic Case 100°C BVceEo hre Ic Volts Ic 
Type Type Case Volts Min. Amps. Max. Amps. Type Type Case Volts Min. Amps. Max. Amps. 
2N1016B 150W 71 100° 10 5 25 5 2N3237. IND. —-100 16. 40 10 2.0 10 
2N1016C 150W 71 150 10 5 25 5 T0-3 
2N1016D 150W 71 200 10 5 25 5 2N3238 IND. —85 80 85 10 3.0 10 
2N1483 10-8 141 40 20 0.75 20 0.75 10-3 
2N1484 108 141 55 20 075 20 0.75 soe | See SS teal nc: Se a Ry 
2N1485 10-8 141 40 35 075 0.75 0.75 
2N1486 -T0-8 14.1 55 35 0.75 075 0.75 ae ae Meee he ne ~ 
2N1487. 10-3. 43 40 15 ete 1.5 _—_ 
2N1488 10-3 43 55 15 rs 30 15 
2N1489 10-3 43 40 25 151.0 15 
2N1490 10-3 43 55 25 eae 2 15 
2N1618 0-61 45 80 15 76. 90 2.0 
2N1722 10-53 50 80 20 20 1.0 2.0 PNP Types 
2N1724 10-61 50 80 20 20 10 2.0 
2N1768 10-75 228 40 35 0.75 0.75 0.75 
2N1769 10-75 228 55 35 075 075 0.75 ~ 
2N2033 -T0-5 5.0 60 20 05 08 0.5 Watts @ Veena). @ 
2N2034 10-5 5.0 60 20 1.0 0.3 1.0 Case 100°C BVceEo hre Ic Volts Ic 
2N2035 10-8 141 60 20 15 (045015 Type Type Case Volts Min. © Amps. Max. Amps. 
2N2036 10-37 10 60 20 oo 10 2.0 Mae AGES Eh Ge ONT CR RR ee, 705 aie a ayy NE 
2N2823 10-63 100 80 10 20 bay 20 ON2882 TO.5 50 100 20 mies te ne 
2N2824 10-63 100 100 10 20 6 Paar ON3163 1061 45 0 2 10 0.75 10 
2N2825 10-63 100 150 10 20 es Poe ON3164 TO-61 45 60 12 10 075 10 
2N2828 10-59 228 60 20 05 04 0.5 ON3165 TO-61 45 0 tO O78 1B 
2N2829 10-59 228 60 20 102.03 1.0 oN3166 1061-45 100. 12 10-078 ip 
2N2858 10-5 5.0 80 20 163 1.0 ONSI75 TO61 45 eer eee 50 
2N2859 10-5 5.0 100 20 py 02 1.0 oNgI76 TOSL yet cata op 
2N2911 10-5 5.0 125 20 ie Raat Seema my ONSI77, O81. 4S aye 10 eee 20 
Meg eit ey er bathe 2N3178 0-61 45 100 10 20 10 20 
on 2N3202 10-5 5 40 20 10 0.3 1.0 
ps ae Stes fe a Me ae 2N3203 -T0-5 5 60 20 10 0.3 1.0 
2N3151 1%,” 200 150 10 50 1.5 50 2N3204 = 10-5 5 80 20 | ees 1.0 
stud 2N3205 10-59 228 40 20 05 0.4 0.5 
$1C2500 1%” 300 100 10 °&# 100 15 100 2N3206 10-59 228 60 20 05 04 0.5 
stud 2N3207. 10-59 228 100 20 05 04 0.5 
STC2501 1%” 300 150 8610 100 nD 100 2N3208 10-5 5.0 40 20 0.5 0.4 0.5 


stud 


Write today for new, complete catalog. 


SILICON TRANSISTOR CORPORATION 


EAST GATE BOULEVARD, GARDEN CITY, N.Y. 11532, 516-742-4100 


REGIONAL OFFICES: 
CHICAGO, ILL. 60625, 5555 NORTH LINCOLN AVE., 312-271-0366-7, TWX 910-221-1304 / LOS ALTOS, CALIF. 94022, 1 FIRST ST., 415-941-2842 
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Choosing ICs need not be a chore. Use 
this directory of available circuits to eliminate 
those hours spent searching in vain. 


As the number of available microelectronic 
circuits, and in particular integrated circuits 
(ICs), becomes greater and greater, the task of 
selecting the best circuit for a given application 
becomes correspondingly more difficult and time- 
consuming. By listing the available integrated 
circuits by major logic categories and a key pa- 
rameter; ELECTRONIC DESIGN’s Microelectronic 
Data Charts will save you many hours of needless 
searching. 


Data charts make selection easier 


These data charts provide a method of compar- 
ing available standard devices within the limita- 
tion of manufacturers’ available data. For conven- 
ience, the charts are separated into the following 
categories: 

# Section 1—Diode Transistor Logic (DTL). 

= Section 2—Direct-Coupled Transistor Logic 

(DCTL) and Resistor-Transistor 
Logic (RTL). 
Section 83—Transistor-Transistor Logic 
(TTL). 
® Section 4—Emitter-Coupled Logic (ECL). 
® Section 5—Resistor-Capacitor Transistor 
Logic (RCTL). 
= Section 6—Complementary Transistor Logic 
(CTs): 

® Section 7—Miscellaneous Digital Circuits 

= Section 8—Linear Circuits 

The attached table gives a fast run-down of the 
major parameters associated with digital circuits. 
As an example of circuit designs, a two-input 
NOR gate circuit is shown for each of the logic 
types. The parameter values given are based on 
typical values and serve only as a guide. 

To further aid your search, the first three sec- 
tions of the directory, because of their extreme 
length, also contain a dot chart listing of logic 
circuits and the names of the manufacturers mak- 
ing them. 

The data charts are each divided into circuit 
sub-categories with headings such as Gates, Bi- 
nary Elements, and Expanders for the digital 
circuits and Operational Amplifiers, Comparators, 
and Voltage Regulators for the linear circuits. 


Rene Colen, Microelectronics Editor 
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The listings are again divided up, especially for 
the gate circuits, into AND, NAND, NOR, etc., 
subgroups. Within any group or subgroup, the 
listings are in order of increasing propagation 
delays. 

As is often the case, a particular model number 
may be known and it is the data listing that has 
to be found. The Cross-Reference Index, following 
Section Eight, provides a fast method for locating 
this information. The first column of the index 
lists all of the model numbers in an alpha-numeri- 
cal sequence. The second column consists of a two 
or three digit listing which calls out the section, 
category and subgroup where the device is located. 
On the charts, these cross-references are listed in 
the first two columns. For example, suppose you 
wished to locate a device whose model number you 
know to be MC1114. The cross-reference listing 
is 1E1. In the first section (DTL), you would scan 
down the first column until you came to E (Gates). 
You then scan down the second column until you 
come to 1(AND). The device will be listed in this 
grouping. 

The charts are only a guide to the most useful 
circuits for a particular application. Though they 
will help to bring some order to the immense 
problem of selecting and purchasing integrated 
circuits, a thorough check of manufacturers’ data 
sheets is imperative. 


Understanding the specs is a must 


Before analyzing the data listings, an under- 
standing of what the various parameters mean is 
helpful. Manufacturers use various test methods, 
and though their reasons for doing so are usually 
meaningful, the design engineer should be aware 
of these different methods and understand their 
meaning in relation to his particular application. 

Propagation delay, loosely defined as the time 
required to transfer a pulse through the integrated 
circuit device, is one of the most important mea- 
sures of circuit performance. Since different 
methods of testing this parameter exist, manufac- 
turers’ data sheets must include both a description 
of the test circuit and a full definition of the 
waveforms measured. In addition, data sheets 
should spell out switching times as well, and some 
indication should be made of variations in these 


ELECTRONIC DESIGN 


Typical IC characteristics and circuits 


Variations in input characteristics result in 
base-current ‘‘hogging’’ problem. Proper 
operation not always guaranteed. More sus- 
ceptible to noise because of low operating 
and signal voltages. 


Very similar to DCTL. Resistors resolve 
current ‘‘hogging’’ problem and reduce power 
dissipation. However, operating speed is 
affected and also reduced. 


Though capacitors. can increase speed capa- 
bility, noise immunity is affected by capaci- 
tive coupling of noise signals. 


f Use of pull-up resistor and charge-control 
Medium a he 
to technique improves speed capabilities. Many 
; modifications of this circuit exist, each 
High ; an 
having specific advantages. 


Medium Very similar to DTL. Has lower parasitic 
Medium to capacity at inputs. With the many existing 
High variations, this is becoming very popular. 
Similar to a differential amplifier, the refer- 
Medium ence voltage sets the threshold voltage. 
High High High to High-speed, high fan-out operation is possi- 
High ble with associated high power dissipation. 
Also known as emitter-coupled logic (ECL). 
More difficult manufacturing process results 
in compromises of active device characteris- 
tics and higher cost. 
*Legend 


Low = <5 MHz <5 mW d <300 mV 
Medium= |5to 15 MHz | 5 to 15 mW 300 to 500 mV 
High = >15 MHz >15 mW >500 mV 
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4-TRACK and 


8-TRACK HEADS 
for stereo tape 
cartridge players! 


Fd 
B20 — 
4-Track 


B2L 
8-Track 


“Wortronics~ pioneered 


their development for in-car 
and home cartridge players! 


If you’re designing a cartridge tape recorder or 
playback unit—take a good look at Nortronics’ 
B2Q and B2L heads! These two popular 4-Track 
and 8-Track stereo heads lead the industry in 
acceptance, and offer: 

w Outstanding shielding against external magnetic fields. 


m= Optimum high frequency resolution. Precision depos- 
ited quartz gaps, available from 50 to 500 micro-inches. 


m™ Hyperbolic, highly polished, all-metal faces for intimate 
tape-to-gap contact and reduced oxide build up. 


B2L: 8-Track Stereo Head; 20-mil tracks spaced 
127-mils on centers. B2Q: 4-Track Stereo; 43-mil 
tracks spaced 136-mils on centers. 


For any tape head require- 

ment, consult Nortronics 

N . .«.World’s leading and 
most respected man- 

ufacturer of precision- 


® nat | quality magnetic tape heads! 


“Wlortr0nics— 


8185-C 10th Ave. No. ¢ Minneapolis, Minnesota 55427 
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measurements as a function of loading (fan-out) 
and temperature. 

Fan-in refers to the number of inputs that the 
device takes. A carry-over from older times, this 
rating, where given, many provide additional 
information to that given in the “Type” column in 
the data charts. 

Fan-out is the measure of a circuit’s capability 
to drive a specified number of the same circuit 
from its output. Though both typical and maxi- 
mum values may be listed, only the latter value 
can realistically be used in making comparisons. 

Power dissipation may be given per node, gate, 
stage, circuit, or package; or it may be given 
without any qualifications. Any reasonable com- 
parison of this rating is greatly complicated by 
this lack of a standard. In the data charts, a slash 
following a power rating indicates a per-gate 
value, if in the gates section, and a per-stage 
value, if in the binary elements section. Note that 
the power dissipation is a function of the supply 
voltage and that it varies directly with operating 
speed; in looking at manufacturer’s data sheets, 
check that all the test data are taken under the 


- Same operating conditions. 


Noise margin or noise immunity indicates the 
minimum amount of noise voltage that will cause 
an “error” in the output of a logic circuit. Normal- 
ly, noise immunity for a “0” logic state is defined 
as the difference between the minimum “0” input 
threshold and the maximum “0” output signal. 
For a “1” logic state, it is the difference between 
the minimum output signal and the maximum “1” 
input threshhold. With logic errors possible in 
either of two available states, the noise immunity 
rating should be checked for both logical “0’’ and 
“1” conditions. Also, since supply voltage and load- 
ing conditions affect this circuit characteristic, 
only the worst-case measurement should be used. 

Temperature ratings are for a —55°C to 
+ 125°C range unless otherwise noted. 

Package types for integrated circuits basically 
fall into three categories: the flat-pack, the ten- 
lead TO-5, and the dual-in-line packages. Though 
a number of manufacturers have registered their 
particular package designs with the JEDEC 
Semiconductor Device Council (JEDEC Publica- 
tion 12E) there are still no standards set in the 
industry. The data charts in this directory use a 
letter code for the various packages, as follows: 

# A = TO-5 

# B= TO-47 

=» C = 1/4 in. sq. flat-pack (TO-86, TO-91) 

» D=1/4 x 1/8 in. flat-pack (TO-84, TO-85, 
TO-89, TO-90) 

s EK = 8/8 in. sq. flat-pack 

» F=1/4 x 8/8 in. flat-pack (TO-87, TO-88, 
TO-95) 

= G= Special package (TO-69, TO-70, TO-71, 
TO-73 through TO-80, TO-96, TO-97, 
TO-99, TO-100, TO-101) 

The numbers in parentheses refer to the JEDEC 
registered devices and are listed by their approxi- 
mate size and style. = 8 
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4 NEW LINEAR-EGONOMY-LINE 
RCA INTEGRATED GIRCUITS 


.. pack 
all 
of 


Exceptionally high amplifier 
gain 
e Voltage Gain: 

67 dB typical @ 4.5 MHz 


e Power Gain: 
75 dB typical @ 4.5 MHz 


e Exceptional limiting 
characteristics 


e Input Limiting Voltage (knee): 


moh 


this 


into 
applications 

ake 

this... 


wat prices as low as $2% (single unit price) 


NEW ECONOMY AND PERFORMANCE FOR TV/FM/ 
INSTRUMENTATION FROM 100 KHz TO>20 MHz 

Now four new RCA linear types make integrated circuits a working 
reality for a broad spectrum of communications and instrumen- 
tation applications. Here are all the economy, performance, and 
reliability advantages you’ve been waiting for, in practical, low- 
cost linear circuits. 

Included in this new RCA linear-economy-line, are: 

CA3011 Wideband Amplifier—up to 7.5v supply* 

CA3012 Wideband Amplifier—up to 10v supply* 


CA3013 Wideband Amplifier-Discriminator—up to 7.5v supply* 
CA3014 Wideband Amplifier-Discriminator—up to 10v supply* 


“suggested maximum Vo> 
All four circuits are available now for your design and evaluation 
requirements. For price and delivery information, call your RCA 
Field Representative today. For technical data, write Commercial 
Engineering, Section IC-G-5-3, RCA Electronic Components and 
Devices, Harrison, N. J. 07029. 
+CA3011 $2.00 (single-unit price) 


® 


300 pv @ 4.5 MHz typical 
In TO-5 style package. 


Excellent AM rejection 
50 dB @ 4.5 MHz 


Four functions 
on a monolithic chip: 


e IF Amplifier 
“piscmaeeen 


e AM and Noise Limiter 
e FM Detector 
SPEAKER e Audio Preamplifier 


COMING! Thorough Grounding 
in Theory and Applications for the 


DESIGNER WHO NEEDS TO KNOW! 


CHECK RCA’S VERSATILE LINEAR LINE FOR: 


CA3004 008 
Type CA3000 CA3001 CA3002 CA3005 CA3007 Chane 0 
CA3006 


| uncon | igo awe. | AMPL. } ocame. | AMPL. IF arn. | RF AMPLS. jar ame. | AMPL. | arawe, | orgurronne 


oe 37 19 Bisa 4 12-16 22 baci 
dB @1KHz | @1MHz | @1.75MHz geen ey pane 
—3dB 

Bandwidth 


Available through your RCA distributor 


The Most Trusted Name in Electronics 
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1. Diode-Transistor Logic 
ee Ei 


a vemos Tr Mx 


psi Half ASl 40 1.1 | 2.7 | 700 Oto70 
Half UC1004B 130 é-3 0.4 | 5.8 | 500 


Binary Elements R-S Flip Flop | RD-208 - - - .250} 4.5 | 800 ~ D 
B R-S Flip Flop RD-308 - 4 - i a ; 0.25) 5 800 - | D Expandable 
R-S Flip Flop RD-508 - 4 Se Aa, 20 | 5 0.25] 5 800 0475 D Expandable 
- NC/PC8 - - - 5 200 | 12, 4.2) 0 5 ~ - A,E MC*RCDT 
- NC/PC12 ~ l - 22 | - 12, 4.2] 0 5 - - AE 
- PC-13 - - | - 5 200 | 12,4.2} 0 5 ~ - E MC RCDT 
- 8200 - eM ye | 100 | 6, 3 0.5 | 3.5 | - - - TF 
Counter UC1002B - - - | 5 65 | 6,-3 0.4 | 5.8 | 500 - - 
Flip-Flop MC282G - - - ~ 7.5 | - - - 550 - A 
Ne Flip-Flop DTpL950 - 2 - 12 | 40 | 5.0 0.2 | 5 600 - A,C 
ND1003 - 2 - 4 20 | 6 0.2 | 4.0 | 750 - - 
- RD-207 - |- = 121598". j'-5 0.25) 3 800 - D 
J-K Flip Flop RD-307 - - - | 8 95 1 5 0.25} 3 800 ~ D 
J-K Flip Flop RD-507 - - - Pi heo serine 0.25} 3 800 0+75 D 
RS $W201 - - | - 10 | 7 6 0.35} 2.0 | 550 - A, C, D 
RS $W212 - - - 10 | 7 6 0.35} 2.0 | 550 - A, D And Expand. 
- wm202 3 3 - 10 [153.2106 0.35} 2.0 | 550 - A, C, D 
- WM212 3 3 - jC a ae) 0.35] 2.0 | 550 - A, D 
R-S RC202T = ~ 10 1950) 156 ~ - 550 - A, D 
R-S RC212T - - 10 | - 9.5 16 - ~ 550 - A, D 
Shift Reg. AQ9 = - | - 5 54° | 5 1.0 | 2.7 | 900 = A, D 
Shift- Reg A49 - - |- 5 a Oe 1.1 | 2.7] 700 0 to 70 A, D 
R-S, J-K DTpL948 - 2 - 12 | 45 | 5.0 0.2015 600 0 to 75 A, C 
| Clocked R-S,J-K | MC831 - - | - 7 208485 C2514 500 0to75 A,C Modified DTL 
| R-S, J-K MC848 - -|/|- ee 45s 5 0.2 | 5 500 0to75 A,C Modified DTL 
Clocked R-S, J-K | MC931 ~ - |- 7 ZO 45 yea BS: 500 ~ A,C Modified DTL 
R-S, J-K MC948 - - | - g BS OAS 0.2 | 5 500 ~- A,C Modified DTL 
Shift Reg. A03 - - - 5 40 | 5 1.0 | 2.7} 900 - A, D 
Shift Reg A43 ~ - - 5 40 | 5 zit | 3100 0to70 A, D 
R-S J-K $1948 - 2 - 12) Ae Wotan 0.2 | 5.0] 600 -25to+125 D 
R-S J-K $1948D ~ 2 ~ 12 aS aS 0.2 | 5.0] 600 0to75 D 
RS/JK SW931 - - | 8 10 | 20 | 4to6 | 0.3 | 3.0} 1000 |} - A 
R-SJ-KClocked | SW948 2 - 8 - 48 | 4-6 0.4} 2.6) 1000 | - - 
J-K/R-S SN15848 - - - |9 35 | 4.5-5.5 - ~ 750 0-75 D, 
Pulse Triggered | SN15850 - - - 8 - 4.5-5.5 - ~ 750 0-75 D, 
J-K/R-S SN15948 - - - | 9 35 | 4.5-5.5 - ~ 750 - D 
Pulse Triggered | SN15950 - - - | 8 ~ 4.5-5.5 - - 750 - D 
Clocked JK-RS | DTyL931 - 2 ~ 7 20 3155 - 5 500 = A,C 
R-S, J-K DTpL945 - 2 - 9 38: "|: 5.0 0.2] 5 600 - A, C 
- MC209 - - - 8 16 | 8-8 | 0.6 | 2.0} 500 - A,C 
R-S, J-K MC845 - - = 12d (ies id J 0.2) 5 500 Oto75 A,C Modified DTL 
R-S, J-K MC945 - - - 1 aes aa 0.2) 5 500 - A,C Modified DTL 
J-K PL931 - - - 7 20 | 3-6 0.2 | 4.0 | 500 ~ C 
Clocked J-K R-S | SI931 - 2 - | 7 20 | 5 O20 500 - D 
Clocked J-K R-S | SI931D - 2 - 7 20 | 5 0.2) 5 500 Oto75 D 
R-S J-K $1945 - 2 - | 9 somes 0.2) 5 600 25to+125 OD 
R-S J-K $1945D - 2 - g Soleo 0.2) 5 600 Oto 75 D 
R-SJ-KClocked | SW945 2 - | 9 - 42 | 4-6 0.4 | 2.6) 1000 | - - 
J-K/R-S $N15831 - - ~ 7 20 | 4.5-5.5 - - 750 0-75 D, 
J-K/R-S $N15931 - - - 7 20 | 4.5-5.5 - ~ 750 - D 
J-K/R-S SN15945 - - - 10 | 30 | 4.5-5.5 - ~ 750 ~ D 
J-K $E125 - - - | 8 40 | +4 0.4} 3.9} 1000 | - F 
Clocked R-S MC259 ~ ~ - | 8 16 | 4 4 23" | 500 Oto75 A, C 
- MC260 - - - | 8 16 | 4 4 3 | 500 0to75 A,C 
Single CS704 - - - 7 20 | +4-2 | 0.4] 3.9} 1000 | - A,C 
Single CS729 - way Ph east Keay) 30 | +4 0.4} 3.9} 1000 |} - F 
Single SE124 - - - 8 16 | +4,-2] 0.4} 3.9] 1000 | - Av G2F 
Single Phase J-K SN530 - - - 10 | 27 | 3-4 | - - 300 = D Modified DTL 
J-K $N5301 - - - 10} 27 | 3-4 - ~ 300 = D Preset & 
Clear 
Dual J-K $N5302 - - 10: 27 | 3-4 ~ - 300 - D Preset 
Dual J-K SN5304 - - 10 | 27/| 3-4 - 300 _ D Preset & 
ff Clear 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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DT L (continued) 


Logic 
Levels 


(Volts) 
Logic Function 
J-K $N7301 - - 10 - - Preset and 


Clear 
J-K $N7300 Preset 
Dual J-K $N7302 Preset 
Dual J-K SN7304 


Preset and 
Clear 

RC203T tclock rate 

J} K WM215 tfT 

Counter WM203 
RC215T 
RC213T 
W213 
WM503 
ete hes 
WM225G 


tfc 

tclock rate 
tclock rate 
tft 

tft 

RCT 


0 to 125 
0 to 125 


‘> 
nw 


0. 


Drivers / Buffers Dual 4- input 
D Dual 4-input 
Dual 4-input 

3-input 


Expandable 
Expandable 
Expandable 


TF 


-—-.oso eo 
uo 
oe) 
Oo 
Sob 
—s 
on 
1000 |}O°O jororrrrrr coo 


Dual 

Dual 

Dual 

8 - input 
Dual 4-input 
Dual 4-input 
Dual 4-input 
Dual 4-input 


oe oa eae) 
ww COG 


Expandable 
Modified DTL 
Modified DTL 


oS 

~ 

an 
[ok ke) 


an 
oOo 
o 
~~ 
uo 


BRO PM 


Dual 4-input 

Dual 4-input 

Dual 4 - input SN5832 
Dual 4 - input $N15932 


Quad Inverter/ | SN535 


Expandable 
Expandable 


> S&S &S PPM NPN POS 


PP Set tan 1H+ + FMD 
MDww 


nda 
: 


PES eomnn Fano ww Won ww 
ists ae eet ee : 


Sy tear th. Osi Ot hat iets 
. = = 


x) 
4 
4 
d 
4 
4 
2 
3 


~~ 
on 


Modified DTL 


$N7350 
RC210T 
RC210Q 
RC210G 
ND1002 
WM210 
SE750 
WS817 
WS817Q 
MC205 
MC255 
WS816 
Dual input SN343A 
Dual output SN346A 


Dual A20 
A60 


Po 090 9 O11 rrouoOrSr rons! 


uo 


on 


OWS RWS 
ww 


ous, co 


1000 ohm Load 


= 
wo 
—~s 
uo 


Minuteman 
Minuteman 
Type 


A A Otel eens 
1lwppryrnmwnr 


pi Ser1risesssso 
1rpryp errors. 


TF, Expand. 
TF, Expand. 
TF, Expand. 
TF, Expand. 


Dual 3-input 
6-input 

Dual 3-input 
D 


Prprpemprmer1r 11 oe 
Prpr rp py Parner, 


Snack eee ea 


>> 
r>rrrrrrrr! !iit!i!itis,e >> S9OFrOO,r,| 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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DT L (continued) 


Logic 
‘ Levels : 
: Volt 
os : ae i eaeeee 
Logic Function Type 


Tawa | he et tee lots wale | 


pas D Modified DTL 
SN534 - D Modified DTL 
WS810Q 2 10 C 
WS812Q 3 10 C 
- WS814Q 2 10 C 
NAND NC-11 0 A MC RCDT 
3 PC-11 | 0 E MC RCDT 


m 


MC RCDT 
TF 


Dual PC-15 


Dual 8214 VAR | 10 
Triple WM506 
Dual SWA05 
Triple WM556 

- UC1001B 
Dual $W708 


Dual $W930 
- SWAO] 
Dual SWA02 
Triple WM226G 
Triple 3-input | WM236G 
Dual 4- input WM241G 
Dual WM261G 
Sextuple WM296G 
Dual 4-input PL930 
Quad 2-input PL946 
- SW101 
Sw102 
Dual SW115 
Dual $w201 
- SW204 
Dual SW211 
Dual SW221 
- $W224 
Dual $W231 
Dual 4-input $w930 
Quad 2-input SW946 
Triple 3-input SW962 
Dual WM201 
Triple WM206 
Dual WM211 
Triple WM216 
WM221 
Dual WM231 
Quad WM246 
- RC223 
Dual RC224 
- RC243 
Dual 4-input $N15830 


Dual 4-input SN15844 
Quad 2- input SN15846 
Triple 3-input | SN15862 
Dual 4 - input $N15930 
Dual 4 - input SN15944 
Quad 2 - input SN15946 
Triple 3-input | SN15962 


| wan 
coy So 

Core —w 

oe ee na | 
1Oo>ro 


row 
ao 


1000 Pf. load 
& Expandable 
And Expand. 
And Expand. 


i 


Expandable 


Expandable 


Fad 


SS 
horas 


And Expand. 
And Expand. 


And Expand. 


And Expand. 
And Expand. 
And Expand. 
Expandable 


0 


anard 


Oo 


Co 


) 
9 
9 
¥) 
x) 
i) 
s) 


a> 


ee oil ect — G0 (TR ety Gi Incr AM VA a (a a Ve i [a ee YP aT CN St aay 


2 
2 
6 
6 
6 
3 
3 
3 
3 
3 
3 
4 
4 
4 
3 
3 
iS 
3 
3 
3 
3 
2 
2 
2 


PFE MM MMA DPN POM PADD PoP DYN FS Fe Ree er mw 
SOTTO DOC OCOCOMMMODOCCDODODOOOCO 


Pi bineewoweww, 7 ptt) er wre tr rmiptertip~perrer 
FFF OMDMMODMOMMD HEH HEMMMM] MM + t+tDwWDwNMnMMODDnawn+. 


PSS Sa ete y Ped. SOS] A ee er ere Cae ae A ep Or 


4 
4 
4 
3 
4 
3 
8 
- 
i) 
2 
3 
3 
3 
4 
3 
3 
d 
2 
- 
Z 
4 


er = lia oe ee ee al 5 
wn on DM DH UWoooeo 
1 ! 
! ! 
L a= | ao fo) 
. : 
~s ~s ~s 
on or on 
oO ©. Gl il Sororo>)! | 1orrprrar>SPrQonocoscle: >> > 


= WM204 
= WM214 
= WM224 
Dual 3-input RC201T 


920 
oo 


rrr, = ] oO Oo Oo 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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DT L (continued ) 


Logic 
P p, Supnl Levels : 
: ower! Supply | (Volts) 
: ; : Fan-out Diss.| Voltage oe Package 
Logic Function Type P s 0 (mW) | (Volts) 


Pi 3 Dual 4 input RC211T - 9.5 | 6 - 
Dual 3-input RC221T ~ 951] 6 - 
Dual 4-input RC231G - 9.6516 - 
Quad 2 - input WM246G 30 1 38 | 6 l 
Sextuple WM286G l 5716 1 
* Triple RC206G - 9.516 ~ 
3-input RC216G - | 95] 6 ~ 
4-input RC204T - 9516 - 
6-input RC214T - A ad ba - 
8-input RC224T : - 955106 - ’ 
Dual WS811Q - 10 | 4.0 Wi fee 
NAND/NOR | Triple 3-input | RD-205 - 3 ~ 8 10 | 5 0.25) 5 
4 Quad 2 - input RD - 206 - 2 - | 8 10 | 5 0.25) 5 
Dual 4- input RD-210 - 4 - | 8 10 | 5 0.25) 5 Expandable 
Triple 3-input | RD-305 - - |- 5 HO iS .290) 4.5 
Quad 2 - input RD - 306 - - - 5 10 | 5 .250) 4.5 
Dual 4- input RD-310 - - ~ 5 Lmao .250} 4.5 
Triple 3-input RD-505 ~ 3 - 8 10 |} 5 0.25] 5 
Quad 2-input RD-506 a - 2 - | 8 10 | 5 0.25) 5 
Dual 4-input RD-510 - 4 - 8 10 | 5 0.25) 5 Expandable 
Quad Inverter pL927 - 1 - 5 24 | 3.0 0.21} 0.844 
Dual A05 = 4 - CD pare ae Pe) 1.0 | 2.7 Line Driver 
- Al0 - 4 - 0) Pe o15) SES 1.0 | 2.7 Expandable 
Dual Al2 - 4 - 5 | Be Og] 
s Al3 a i, ee Pe ee a 1.0 | 2.7 Expandable 
Dual Line Driver) A45 - 4 - LOCALS re ee 1 leary 
Single 4-input A50 - 4 - TO eho ieig ile Pee] W/ expander 
Dual 4-input A52 - 4 - 5 aR: 1G he 87) 
3-input UC1001B - 15 | - 4 35 | 6,-3 0.4 | 5.8 
Dual MC281G | MO | 18~ - - - - 7.5.) -= - - 
- MC284G | MO | 18 - - - - 7.5) - - ~ 
- A0l SI} 18 ~ 4 ~ ie ie 5 NOS 2 7 
Dual A02 SI | 18 - 4 = Use| Bey) 5 Its) Nera y) 
- A06 Sl ape - 4 - 5 7 5 1.0 | 2.7 
Dual AQ7 SI | 18 - 4 - 5 7 5 LQ ie2e7 
Quad Al4 SI | 18 - 2 - 5 7 5 Ie Spel EAD 
Quad Al5 SI | 18 - 2 - 10 | 7 5 LOU2y D 
Single 4-input A4] Si} 18 - 4 - 1M Ger 5 LT 257 A, 
Dual 4-input A42 SI | 18 - 4 - ite ys 5 Led A, 
Single 4-input A46 SI | 18 - 4 - 5 7 5 ae kag 2, A, 
Dual 4-input A47 SI | 18 - 4 - 5 7 5 el” 2e7 A, 
Single 4-input A53 Sl | 18 - 4 ~ 5 loeb eee A, W/ expander 
Quad A54 SI | 18 - 2 - 5 7 5 1G Be haar) D 
Quad A55 SI | 18 - 2 - 10 | 7 5 Wied ery D 
Dual SE111 SIG | 19 - 4 - 19 | 24 | +4 0.4 | 3.9 F 
Dual SE113 SIG } 19 - 3 - 19 | 24 | +4 0.4 | 3.9 A 
Dual CS700 | SIG | 20 - 3-2} - | 6 j 10 | +4,-2] 0.4] 3.9 A, C 
Dual CS701 SIG | 20 - Ri2 [== 6 10 |} +4-2 | 0.4 |} 3.5 Age 
" Dual CS716 SIG | 20 - 2 ~ 19 | 30 | +4,-2) 0.4 | 3.9 A 
Quad CS720 | SIG | 20 - 2 - 6 10 | +4 0.4 | 3.9 F 
Triple CS$721 SIG | 20 - 3 ~ 6 10 | +4 0.4 | 3.9 F 
Triple CS$727 SIG | 20 - 2 - 6 10 | +4 0.4 | 3.9 F 
Dual CS730 SIG | 20 - > - 6 10 | +4 0.4 | 3.9 F 
= Dual SE112 SIG | 20 - 3 - 19 | 24 | +4 0.4 | 3.9 A 
Triple SE170 SIG } 20 - 3 - | 6 10 | +4 0.4 | 3.9 F 
Quad SE180 | SIG } 20 - 2 - 6 10 | +4 0.4 | 3.9 F 
Dual 4-input DTuL930} FA |} 25 . 4 - 8 5 5 D251 25 A,C Expandable 
Quad DTplL946} FA | 25 - 2 - | 8 5 5 ENS A,C Expandable 
Triple DTpL962| FA | 25 - 3 - 8 5 5 Diets AAG Expandable 
Dual 4-input MC830 | MO |} 25 - - - 8 5 5 0208S AG Modified DTL, 
Expandable 
Quad 2-input MC846 | MO | 25 - - - | 8 5 5 0.2 | 5 C Modified DTL, 
Expandable 
Triple 3-input MC862. | MO | 25 - ~ - | 8 5 5 0.2 | 5 C Modified DTL, 
Expandable 
Dual 4-input MC930 | MO | 25 - ~ - | 8 5 5 0.2 | 5 A,C Modified DTL, 
Expandable 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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DTL (continued) 


Logic 


Levels 
(Volts) 


\ ; Logic Function 


OQ 


Quad 2-input 


Triple 3-input 


- 8 - 5 0.2} 5.0 

- 8 - 5 0.2) 5.0 

- 2 - 5 O25 

- 2 - 5 0.2] 5 

- 3 - 5 O25 

- 3 - 5 O254'55 0to75 
- 4 - +4,-2| 0.4] 3.9 - 
read Us. an aie +4,-2| 0.4] 3.9 - 
| - 2 - +4,-2| 0.4} 3.9 - 

4 - - 8-8 | 06} 2.5 ~ 

3 - - 8-8 | 0.6 | 2.5 - 

2-2| — - 8-8 | 06] 2.5 - 

- 2-3 | - 4 4 3 - 

- 2-3. | - 4 4 ea - 

- 3-3 | - 4 4 3) ~ 

- 3-3 | - 4 4 3 

~ - - 4 0.6) 2.5 

- - = 4 0.6 | 2.5 

2 - - 4 4 3 

~ 2-3 | - 4 4 3 

- 2-3 | - 4 4 8 

- 3-3 | - 4 4 Ss 

- 3-3 | - 4 4 a 

- - - 3to4} - - 

- - = 3to4} - - 

SN5311 - - - 3-4 - - 
Triple 3-input | SN5331 


Quad 2- input SN5360 


$N7310 
SN7311 


5-input 
Dual 5-input 


Dual 3-input © | $N7330 


$N7331 
$N7360 


Triple 3-input 


Quad 2-input 


Single $E110 


3-input MC254 
Dual $1944 
Dual $1944D 
Dual 3- input MC650G 
Dual 4- input MC651F 


NOR 
5 
Exclusive —OR|— ND1006 
6 Dual 4-input DTyL944 
MC204 


Dual 4-input MC844 
Dual 4-input MC944 
Dual —_ SN5370 


Dual $N7370 


Gate Expanders 
F 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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m >l/oro0urFe FD FD 0D 900 FD FD DUO S SSP SHPHP PSPSPS SY SPPYPSEYPYPOGIVGCGCN OO 


Package 
Type 


AIIDIDIDAIDAIDADIADAMAMNANAND 


Remarks 


Modified DTL, 
Expandable 
Modified DTL, 
Expandable 


Modified DTL 
Modified DTL 
Modified DTL 
Modified DTL 
Modified DTL 


Expandable 


Modified DTL 
Modified DTL 


MC RCDT 
MC RCDT 
MC RCDT 
TF 


Modified DTL 
Modified DTL 
Modified DTL 


Diode Array 


ELECTRONIC DESIGN 


Logic 
Levels 


(Volts) 


Diss. |Voltage 


(ine NLS ail (mW) [(Volts) 


Type Remarks 


| A44 a 6 - = e A, D Diode Array 
| SWA04 - 6 - ~ - - - - 
s-input | $N7320 - - - 4 10 | 3-4 - D 
Dual 4-input | DTyL933 } FA = 4 - - - - - A,C Diode Array 
Dual 4-input = MC833 ~ - - - - - - Axe Modified DTL 
Dual 4-input MC933 = - - = - | - = AG Modified DTL 
Dual 4-input PL933 - - - - - 3-6 0.2 0 C 
Dual 4-input | RD-111 - 4 - - - - - ~ Expandable 
Dual 4-input RD-711 - 4 - - - - - ~ Expandable 
Dual 4-input $1933 - 4 ~ = - - - D Diode Array 
Dual 4-input | SI933D -| 4 -} -}] -] - - D Diode Array 
Dual | CS709 - 3 - 1 | - - - ARC 
Quad _ S731 - 2 - ] - ~ - F 
Single CS$732 - 12) - 1 - - - F 
6 - input $E105 - 6 - 1 - - - A, C 
Dual SE106 - 5 - ] - - - F 
a UC1005B | SPR 8 =z = a ee a a i 
Z UC1006B | SPR eu ee ae te = 
Dual 4-input $w933 4 - - ~ ~ 44 - - 
Dual 4-input | SN15833 | TI = - - 4 - 4.5-5.5 - D 
Dual 4-input | SN15933 | TI - - - 4 - 45-55 - D 
Dual WM217 7 7 - - | - - - A, C,:D 
Triple WM227 1 1 - - | - - - D 
Inverters Quad SE181 -| 6 20 | +4 3.9} 1000 A 
fe Dual MC1115 -{| -— | 250) - - - A 
Logic Amplifier = 4 - 1B PL es Ps mB Us VF 
- | 8 - 100] 6,3,-3 0:5} 3.5 TF 
Multivibrators Single-shot 5 12 0 5 - A,E MC RCDT 
| Single - shot 5 12 0 5 - E MC RCDT 
2-input 10 33 0. 5 - A, C 
Single -shot A08 5 5 1.0} 2.7 - A, D 
Single - shot A48 5 5 1 Pe ey 0to70 A, D 
Single - shot 8203 4 6,3 0551/*3:5 - - ae 
Single - shot $N15851 - 4.5-5.5 - - 0-75 D 
Single - shot $N15951 = 4.5-5.5 — me be D 
Single-shot 10 3-4 - - - D Modified DTL 
Single -shot 10 3-4 - - 9-70 D 
Single -shot 4 +4, 0. 3. - A,C 
Single - shot 4 +4 0.4] 3. ~ A, F 


Shift Bit ~ RC205T | RA - -| 4 - 75} 6 = - |} 0.55 | - - 
J - WM205 | WH - - - 4 84] 6.0 0.35 2.0) 550 Oto 125; A,C tfy 
L bas 


Who makes what in DTL 


Fairci Se rr er 
General 

Instrument 

See) GS a Ee 
National 

Semiconductor 

a ee meee |e tesa pai ee oh ee 
Wie ee be Phe) Pole vie  i Po cae sae 


Multi- 
vibrators 


Drivers/ 
Buffers 


Binary 
Elements 


Logic 
Amplifiers 


Converters 


AND/NAND 
AND/OR 
NAND/NOR 
Exclusive- 

OR 


fore [spe Te | oe | Fen [svenbegans ganas 
Stora ame Bb eee eet 
Texas 

Instruments 

ig age Oo ee ee OU ca es ee ge 
mame || | et Pew il wile ts pb oy es [eee Malia 


2. Direct-Coupled Transistor Logic 


oe ae 


Logic 
(Volts 


Adders - 5 3 
A -|- 4 3 
2 7 4 3 
- 2 4 3 
- - 4 3.6 
- - 5 3 
~ ~ 5 3 
2 - 5 3 
- 252 ~ 3 
- - - 3 
- - - 3 
- - 5 5 
- - 4 3 
~ - 4 3 
2 - 4 : 
- 2 4 3 .220 
- - 16 3.6 Jl 
~ - 4 3.6 9 
$N1729 - ~ 3 3 
Binary Elements Flip-Flop MC702G 2 3 
B - pL902 1 3 
Flip-Flop MC802G 2 4 3 
Flip-Flop MC902G 2 4 3 
- ~ 4 3 
- — 3 3 
J 1 i = 
J-K 4 10 3.6 Jl 
- 3 10 3,4 15 
- 2 3 3 E15 
J-K 5 16 3.6 l 
Toggle 1 6 12 .2 
J-K 4 3 3 ml 
J-K 4 3 3 a 
J-K 5 5 3 “4 
J-K 5 5 3 a 
J-K 4 2 3.6 Ke) 
= 4 3 3.6 9 
- 4 3 3 9 
- 1 3 3 .220 
4 2 3 9 
- - 4 
- 5 25 8 6 
gated input 1 4 6 
gated 1 2 6 
Buffers 5 
Cc 


Py) MB ART aig Pitot eRe aR Yt MOT Ie) 


i eta i Se ed 


NB1001 
MC801G 
MC901G 
PL901 
C11001 
C11004 
MC701G 


FuL90329 
FuL91429 
FyL91529 


Counter Adapters 


Ke - 
1 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 


3-input 
2-input 
Dual 3-input 


WWwWwwWwwwyey WWWW ww Ww Wo WWW Go to WWW CO Ho WWW 


MADDMRDMD! BD 


ON ee ts ig tates | T 


3-input MC703G 
4-input MC707G 
Dual 2-input MC714G 
Dual 3-input MC715G 
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Levels 


) 


_ 


1rooleesico 
cc 
eating} 
o 


aE RECO COrie Si 


wo WW Om RL 
oOo 


OO Oe ER 


—— orrocoor}Frr,Fr}. 
Ss aatives ue ee 
oO 
on 


—— COCO 


essssess| errSss: 


fj 
on 


Package 3 
Type Remarks 


A,C 
A 
A,C 
A 
A 
A 
B 
B 
A, D 
A 
A, D 
A,C 
A 
A 
A, D 
15to 55 A 
- A 
Oto 100 A 
A 
15to55 A 
15to55} A,C 
- A,C 
15 to 55 A 
- G TF 
0 to 100 A 
- A 
0 to 100 A 
~ A 
15to55 A 
15 to 55 A 
- A 
A, C 
A 
A 
G tT uw 
G Tuw 
G Tw 
70 B 
- B 
Otol00} A 
- A 
15to55} A,C 
- A,C Modified DCTL 
A 
A, D 
A, C 
A 
A 


15 to 55 
15 to 55 
15 to 55 
15 to 55 
15 to 55 
15 to55 
15 to 55 


SPrrrYrr>r| >Pwow! }+>Y! 
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ELECTRONIC DESIGN 


DCTL and RTL (continued) 


E 1 


Logic 
Levels ; 
Power | Supply (Volts) Noise 
Diss. |Voltage Margin 


re Nese [teh FO" FT] i 


5 input Gll001 | aL | 2 MAE 8 Wire ire 3 Phises vate B 

5 input Gi100 | AL | 12 osu nates praet G 3 et B 

‘input suoo1 | aL | a2 Fgh UL [Real Te 3 Pe ee B 

d-input jioos | ac | a2 We] Se aN fe 3 Lie hae B 

3-input K11001 | AL | 12 om BR! ape ct 3 Macey dee B 

input | K1lo0d | aL | 12 os La ee ee 3 0 4 eeeeea PC B 

Dual 2-input L11001 | AL ; 12 - - - - 3 Ld] - - B 

Dual 2-input | 11004 | AL | 12 Ai pipes FE 1a 3 0 a B 

Dual 3-input | M1001 | AL | 12 ey Seg, ei oe 3 te pie A 

Dual 3-inpit | miloo4d | AL | 12 Zaip ee! ns Oe 3 i2tuil - | 70 A 

3-input i903 | FA | 12 ome es ee 3 {o1s}10} 250 | - A.C 
Dual ul9ls | FA | 12 Sg Pal Be ws Be 3 = 1015} 10} 250 | — AC 
Dual 3-input | L915 | FA | 12 ey tg Fe 3 = foist10} 250 | - AC 
3uinput wc803G | MO | 12 ye Fs ON 3 {11 |01{ 300 | otoloo | A 

input mcso7G | mo | 12 foo Be 134 cies 3 {11 |o1{300 | oto1o0 | A 

Dual 2sinput | mcsi4c | mo | 12 ee ce Ses Ee, 3 {11} 01{ 300 | otolo0 | A 

Dual 3einput | Mc8i5G | MO | 12 ey ne ae hetan 6 3. |11 | o1{ 300 | otolo0 | A 

3-input Mc903G | MO | 12 tes (ots 3 111 }oil3o0 | - A 

deinput MC907G | MO | 12 ES yee Wee 3 aaa se oR i? a pe A 

Dual 2-input | MC914G | MO | 12 ic Foy aca zs EEO 300 ee A 

Dual 3-input | Mc915G | MO | 12 See lan toe 3 |11 | or] 30 | - A 

3-input PL903 | PH | 12 a Ge ee aes Ea be ee ss 

a-input pLoo7 | PH | 12 rave ieee Bee ate Cee ep ee é. 

Dual 3input | PL9Is IPH | 12 ial ee eee a * bg Clee nla 2 

Dual 2-input | FyuL91029 FA | 25 deo dos Ae 36 |0.25}086| 300 | 15to55 | ac 
4-input FuL91129 FA | 25 X20 Wim Bee 36  |0.25}0.86} 300 | 15t055 | alc 
Dual 2-input | MC710G | MO | 25 Sea) ae Fey 36 |09 |01| 250 | 15t055 | A 

4-input wc7liG | Mo | 25 Ul ais i ey 36 109 1011 250 | 55to55 | A 

Dual 3-input | mc7i8c|Mo}2 |- |3 |- | 4 36 109 |o1| 250 | 15to55 | A 

Dual 2sinput | Mc910G | MO | 25 mae et a 3 |o9 101! 250 | - A 

Dual 3-input | MC918G | MO | 25 Ai as slinky IE 3 |o9]o1| 250 | - A 

Dual 3sinput | GGI514B1 IN | 30 ge Ae 12 =| 02 | <12| 2500 | - 

Dual 2-input | SNI731 | TI | 35 ale on us tas (ee or A, D 
4 tiga sui733 | Tr Pee] - | - | - | 3 ‘ A,D 
4-input ucgiic | mo | 40 ce Peat ak 3 0.1 A 

Dual 2-input | PL910 | PH | 40 "hers ae et 3 0:8 iS 

at PLoll | PH | 40 IRS Sou Co la 3 08 i 

Dual 2-input | MWyL910| FA | 45 aed (as aay 3 1.0 A.C 
inp MWL911| FA | 80 oy ay OS 3 10 AC 


NOR 3-input NB1003 = +43 5 - 3 = 
2 4-input NB1007 - 4 5 - 3 - 
Dual 2-input NB1014 - 2,2) 5 ~ 3 = 
Dual 3-input NB1015 - Saito = 3 = 
4-input pL907 - 4 - 5 3 A, C 
Dual 3-input p1095 3 - - 5 34 A 
Dual RC323 - |- - 3 A, D 
RC103 3 ~ ~ 3 - 
3 


RC123 
RC124 
RC144 
RC1033 
RC1233 
RC-1243 
RC1443 


RC401 
RC322 


RC324 
RC342 
RC344 
RC1031 
RC1032 
RC1231 
RC1232 


Loa Vem = 7 ee HS 


La 
w 


Dual Inverter 
Dual 


SDDS BPE wD WR RR RP Wr BR BB WW Wor bo | bem el cell cell coll co 
Non 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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DCTL and RTL (continued) 


Logic 
Levels 


Tauern 


Logic Function 


1 
ee 


Gate on Dual 3-input : 
Dual 3-input ; ; 
Dual 2-input : : 0. 15 to 55 
Dual 2-input Y i - 
Dual 2 - input - - 
0. 
Dual 2-input 0.86 15 to 55 
Dual 2-input 0.80 - 


1 
0 
Inverters MC727G 0.1 15 to 55 
CG MC827G 0.1 Oto 100 
Quad MC927G 0.1 
sie hen Single-shot 735-002 | AL pa 20 ll 
Single- shot Al5 CBS 25 7408 ; max 0.6 t pw 


q@ 


P>PYrirrrr,r 
OQ? 1.2 


oQxy> 


Shift Registers Full 2-Phase 
| Full 2-phase 


eoos 
ae ae: 
M2 MAO 
eta ree etl ot 
dunk beast Sg pe 
Oo 


LSA tk ae 


cog eect Noes. Fal Wie 


15 to 55 


fon) 
Ca'oa 


15055 
15055 


me ON 
ww 


Half w/o Inverter 
Half 
Half 
Half w/o Inverter 
Half 
Half 
Half w/o Inverter 
Half 
Half w/o Inverter 


HO HO Oo DA 
(ap) 


Cea net ale hot Poe ae ae 
{wo PL COmoe y, |) COP Ky ii La 
Lee Se OOS SSeS his 
poeocolerrroseSrssroS 

Pr!li rrrrwwrrrri 1! &rrr>r 


ie Any hi A hea 


wor PPS, | 


0to100 


o 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 


Who makes what in DCTL/RTL 


Adders NAND/ sie 

NOR Expanders 
eee ey ree ee ee ieee ee ee 
RES a ts ne Ee ee ect 
ee ae eet eb te Oe 
aye CEs ee er ee se 
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Shift 
Registers 


Counter 
Adapters 


Binary 
Elements 


Multivibrators 


af yp | 
Sa 


FIRST in power rectifiers: 4 amps.this size 


2 amps this size 


NS 
\ 


FIRST in power zeners: 5 watts this size 


3 watts this size 


FIRST in high voltage 


assemblies: 7500 volts @ 2 amps ill 
AN 


: Ne 

FIRST in fast recovery 2 amps this size 
ege vw 

rectifiers: recovers in 75 Nsec 


FIRST _ inradiation 2 amps this “ive 


resistant diodes: @ 2 x 10% NvT 


High surge 
capability: 100 amp or 250 watt this size 


Stability: All parts meet initial specifications for each parameter 
after 2000 hours life test at 100°C at full rating 


ALL HAVE: 


Controlled 
avalanche: Equal surge capability in both forward and reverse directions 


Reliability: Failure rate < 0.0052%/1000 hours at 60% 
confidence without acceleration factors 


THIS NEW RECTIFIER AND ZENER CATALOG contains 
complete technical specifications, application 
data, etc. on all Unitrode diodes. To receive your 

copy, circle the reader service number below 
or contact your nearest Compar office. 


580 PLEASANT STREET © WATERTOWN, MASSACHUSETTS 02172 » TELEPHONE (617) 926-0404 » TWX (710) 327-1296 


ON READER-SERVICE CARD CIRCLE 58 
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3. Transistor-Transistor Logic 


; Logic 
9] Levels 
Volts 
De 2 (Volts) 
Logic Function Type (ns ; ; ; nT: 
Adders Half $G90,SG91,SY | 12 Differ in 
A $G92,SG93 Temp & F.O. 
Full SN5480 | TI \dd: 9°99 Includes 
try: gating 
Full $N7480 \dd: e Includes 
: ; gating 


[epi ep) 7777 G 


bb FF pi enrnwwsse 
Lire AS Tee Pe he Po ek ee, eo Sor oe | 
PbS WWMRWw Ww Ww 

FwwWPODOO Www 


Oo oo VONVO ND >YSYSrowo 


oOo 
_— 
oOo 
QO 


Annan nnnanannnannnnon 
HAHA DHSDDHHDHHAHGDHDHSHSD 


RRR RRRARRRRRARARARA 


MOMODQ 


Ca a SR Cy SEAT a a ae ee 
Be eh be rea as ae te oe ao Ere FL oF 
1 1 1 | SPS eS Pe See Pe HSH LSS HL LH] LH L272 SE TLS SOF Ser SL Lr f S+ Om+ Nr woe 


Binary Elements R-S SF10,SF11,SY Differ in 
B SF12,SF13 : Temp & F.O. 
Clocked SF20,SF21,SY Differ in 
: SF22,SF23 Temp & F.0. 
Single-phase SF30,SF31,SY ~ Differ in 
SF32,SF33 Temp & F.O. 
- \ S ; ; ; 
Dual latch SN7474 A 
Dual M/S $N5473 H 5-59 
Master / Slave SN7472 - ~ : - 
Dual M/S SN7473 ‘ 
- $w5470 .5-5.5] 0. - 
- $W7470 .8-5.3] 0. Oto+75 
: $N5470 - f- ; - - - Single-phase 
SN5472 - = 9: - 
- $N7470 .15- 0-70 Single phase 
- $N54948 5-5.5 | - - - 
-K/R- SN74948 | T - .15- 0-70 
MC652 ~ : Oto 75 
- SWF10 : : - 
: SWF11 : ; - 
SWF12 é . Oto+75 
SWF13 é ; 0 to+75 
SWF20 ; L - 
SWF21 : : , - 
SWF22 ; 5 Oto+75 
SWF23 6 : fe 0to+75 
- SWF50 : ; : - 
- SWF51 7 f ; - 
- SWF52 ; ! 0to+75 
SWF53 ; 0 to+75 
- SWF250 : t - 
- SWF251 ; ; - 
- SWF252 , - 0 to+75 
- SWF253 ‘ f 0 to+75 
- SWF260 ‘ P - 
- SWF261 : 4: - 
i : ‘ Oto+75 
. ; 0 to+75 
- SF250,251| SY ; : - 
- $F252,253] SY ; 0,+75 
- SF260,261)SY | : - 
- SF 262,263] SY k g 0,+75 


Drivers / Buffers Dual ; , a 

Cc Triple 2-input $G160,161) SY ; : & 
Triple 2- input $G162,163] SY f : 0 to 75 

Dual 4-input $N54932 | TI 5-5. - 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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TT L (continued ) 


Logic 
Levels 
(Volts) 


ogic Function 


Dual 4-input 


$G130, 131 SY 
$G132,133 SY 


Dual 4-input 
Dual 4-input 


Dual 4-input SWG40 | SW 
Dual 4-input SWG41 SW 
Dual 4-input SWG42 | SW 
Dual 4-input SWG43 | SW 
Power Driver SWG130 | SW 
Power Driver SWG131 | SW 
Power Driver SWG132 | SW 
Power Driver SWG133 | SW 
Quad 2-input SWG140 | SW 
Quad 2-input SWG141 | SW 
Quad 2-input SWG142 | SW 


Oto+75 
0to+75 


AND/OR/NOT} Dual 4-input 7 5-6 | 0.4) 3 - Expandable 
1 Dual 4-input 7 5-6 | 0.4] 3 - Expandable 
Dual 4-input 7 5-6 | 0.45) 3 - Expandable 
Dual 4-input 7 5 5-6 | 0.45) 3 - Expandable 
Expandable Quad 7.5 6 0-6 | 0.4] 3 - 
Expandable Quad 7.5 6 5-6 | 0.4] 3 = 
Expandable Quad 7.5 10 5-6 | 0.45) 3 = 
Expandable Quad 7.5 5 54 | 0.45) 3 - 
Dual 12 - 0.5 | 3.0 A 
Dual V4 - 0.5 | 3.0 A 
Dual 4-input 15 56 | 0.4 | 3 ~ Expandable 
Dual 4-input 7 56 | 0.4] 3 - - Expandable 
Dual 4-input 12 5-6 | 0.45] 3 Oto+75 ~ Expandable 
Dual 4-input 6 5-6 | 0.45} 3 Oto+75 - Expandable 
Quad 2-input 5 3-6 | 0.4 | 3 - - Expandable 
Quad 2-input 7 2-6 | 0.4] 3 - - Expandable 
Quad 2-input 12 0-6 | 0.45) 3 0 to+75 - Expandable 
Quad 2-input 6 5-6 | 0.45} 3 0 to+75 - Expandable 
Dual 7 0.5 | 3.0 - A OR Expandabe 
Triple 3-input 15 0-6 | 0.4 | 3 - - Expandable 
Triple 3-input 7 06 | 0.4 | 3 - - Expandable 
Triple 3-input 12 56 | 0.45) 3 0 to+75 - Expandable 
Triple 3-input 6 5-6 | 0.45] 3 0 to+75 - Expandable 
Quad 2- input SN7453 - J5- | = - 0 to 70 D 
25 
NAND Quad 2-input SWG220 | SW - 5-6 4 - - 
9 Quad 2-input SWG221 | SW - 5-6 4 - ~ 
Quad 2-input SWG222 | SW - 0-6 45 0 to+75 - 
Quad 2-input SWG223 | SW - 5-6 45 Oto +75 - 
Dual 4-input SWG240 | SW - 5-6 4 ~ - 
Dual 4-input SWG241 | SW ~ 5-6 4 - - 
Dual 4-input SWG242 | SW - 5-6 45 0 to+75 - 
Dual 4-input SWG243 | SW 5 5-6 45 - 
8-input SWG260 | SW - 54 4 - 
8-input SWG261 | SW - 56 4 - 
8-input SWG262 | SW - 5-6 45 - 
8-input SWG263 | SW 5-6 45 - 
Single SE808 | SIG - 5 4 4 F 
Dual SE816 | SIG - 4 4 - F 
Triple SE870 | SIG - 4 4 - F 
Quad SE880 SIG - 4 4 - F 
Dual SW103 | SW - 15 | 20 0 - A 
- SW104 | SW - 15 | 20 0 - A 
Dual SWG4A | SW - TSP Web 0 - A 
Dual SWG4B | SW - 15s hens 0 - A 
Dual SWG14 | SW - 7 15 0 - A 
1 z: = 
7 = re 


own 


Oto+75 
Oto+75 


HradDDHDHHSGDHSD 
own 


010475 


nw 


Se ee ee ee ee ee ea oe) 


POSE AE Pd a Ee AE el Ce Fe Nis ee COs eta een ne oie eo 


rig ze i) ed at ea Wet ee i ay oat V9 1 Ya 
ES 
Oo 


Quad 2-input SWG143 | SW 15 “6 0 to+75 - 
Quad 2-input SW5400 | SW 10 5.5 - - 
Triple 3-input SW5410 | SW 5.5 - - 
Dual 4-input Sw5420 | SW 10 -5.5 - ~ 
Quad 2-input $W7400 | SW 10 5.3 5 Oto+75] - 
Triple 3-input SW7410 | SW 10 -5.3 5 0to+75 - 
Dual 4-input $w7420 | SW 10 5.3 5 0 to+75 - 
Quad 2-input SN5400 | TI 10/ to - D 


w 
ao 


min eo @ SiN Ninn 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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TT L (continued) 


Logic 
Levels 


(Volts) 


Triple 3-input $N5410 / | 4, 
Dual 4-input — | $N5420 : D 
Quad 2-input | SN7400 ; : 
Triple 3-input | SN7410 : : 
Dual 4-input | SN7420 2 
Dual 4-input | SN54930 5-5. 
Quad 2-input SN54946 10/ | 4.5-5. 
Triple 3-input SN54962 / 1 4.5-5. 
Dual 4-input $N74930 .15- 0 to 70 
Triple 3-input SN74962 .15- 0 to 70 
Quad 2-input | SN74946 T5- 0to70 | D 
.25 
8-input $W5430 l -5-5.5 | 0. - 
8-input $W7430 .8-5.3 | 0. 0 to 75 
8-input SWG60 : | - 
8-input SWG61 , ki - 
8-input SWG62 . } Oto+75 
8-input SWG63 ; Oto+75 
8-input $N5430 5 to, 
8 -input SN7430 ; : 
8-input SN54965 = 5-5. 
8-input SN74965 - .15- 
s SWG16 5 | 3. 
8-input SWG120 : : Expandable 
8-input swG@121 : I - Expandable 
8-input SWG122. ; ; 0 to+75 Expandable 
8-input SWG123 ‘ E 0to+75 Expandable 
Dual 4-input $W5440 F .9-9.9 | 0. - 
Dual 4-input $w7440 ‘: .8- h 0 to+75 
Dual 4-input SN5440 ‘ ~ Power gate 
Dual 4-input SN7440 15. ‘ Power gate 
Dual sw4o2 10] 3. get oe 
NAND/NOR_ | Quad 2-input $G220,22 F : 
3 Quad 2-input $G222 223 ; 3 
Dual 4-input $G240,24 F . 
Dual 4-input $G242 243 : ; 
Single 8-input $G260,261 : ‘ 
Single 8-input $G262,26 , ; 
- BOl . i : S 
Dual BO2 le f i - 
- TNG3041 P F H 
= TNG3043 | : ; 
- TNG3045 F : 7 
- TNG3047 : h ; 
Dual TNG3141 : : : 
Dual T™NG3143 5 f : 
Dual TNG3145 . .20| 3. 
Dual TNG3147 : 3 
Dual TNG3241 = i A 
Dual TNG3243 “ 3 x 
Dual TNG3245 r E i 
Dual TNG3247 | TR - i A 
Triple 3-input $G190,191) SY k : 
Triple 3-input $G192,193 SY , ; +75 
Dual 4-input $G40,SG41,SY 
$G42,SG43 0. 
Single 8-input $G60,SG61,SY = = re: 
$G62,SG63 0. 


1) See pages 4-9 for manufacturer's name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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186 ELECTRONIC DESIGN 


TT L (continued ) 


Logic 
Levels 


(Volts) 


Logic Function 


Differ in 


D 3 Expandable SG 120, 121)SY 
Temp & F.0. 


SG 122,123 


- TNG3011 |TR - 8 5-6 20} 3.0 A, F 
~ TNG3013 |TR ~ 8 5-6 .20} 3.0 A, F 
- TNG3015 |TR - 6 5-6 .20} 3.0 A, F 
- TNG3017 |TR - 6 5-6 20) 3.0 A, F 
~ TNG3031 |TR - 4 5-6 .20} 3.0 A 
Dual TNG3111 |TR - 4 5-6 .20| 3.0 A, F 
Dual TNG3113 | TR - 4 5-6 .20} 3.0 A, F 
Dual TNG3115 | TR - 3 5-6 20} 3.0 A, F 
Dual TNG3117 | TR - 3 5-6 02} 3.0 A, F 
Dual TNG3131 |TR - 2 5-6 20} 3.0 A 
Dual TNG3211 |TR ~ 4 5-6 20} 3.0 A, F 
Dual TNG3213 | TR - 4 5-6 20} 3.0 A, F 
Dual TNG3215 |TR - 3 5-6 20} 3.0 A, F 
Dual TNG3217 |TR - 3 5-6 .20| 3.0 A, F 
Dual TNG3231 I TR - 2 5-6 .20| 3.0 A 
Dual 4-input TTL 103 FA ~ 4 5.0 33} 4 A,C 
8-input TTyL104 |FA - 8 5.0 .33| 4 A,C 
Dual 4-input 1.7103 PH - 4 5 3.0 = 
8-input 27104 PH - 8 5 3.0 = 
Dual 4-input u7105 PH - 4 5 3.0 ~ 
8-input 4.7106 PH - 8 5 3.0 - 
Dual WM701 = |WH 4 4 5.0 2.7 D, 
- WM704 = JWH 8 8 5.0 2.7 D, 
Exclusive OR } Dual 4-input D 
4 Dual 4-input D 
Quad 2-input D Expandable 
Quad 2-input D Expandable 
Dual F 


Differ in 
Temp & F.0. 
Differ in 
Temp & F.0. 
Differ in 
Temp & F.0. 


Single 8-input 


Maj. Voter 


4.5-6 

4.5-6 - 

4.5-6 Oto+75 

4.5-6 0 to+75 

4.5-5.5 - Expandable 

4.8-5.3 0 to+75 Expandable 
SN5450 4.5 to - Expander 

5 Inputs 
$N5451 4.5- 


SN7451 
SN54966 
SN74966 


Shoe Oy Se Ouse a 


Gate Expanders Quad 2-input $WG230 - - 4.5-6 - - 
E Quad 2-input SWG231 - - 4.5-6 - ~ - 
Quad 2-input SWG232 - = 4.5-6 - 0to+75 = 
Quad 2-input $WG233 - - 4.5-6 - Oto+75 - 
Dual 4-input $WG270 - ~ 6. 4.5-6 ~ - - 
Dual 4-input sWG271 - - 6. 4.5-6 - - - 
Dual 4-input SwG272 - - 6.7 | 4.5-6 - Oto+75 - 
Dual 4-input SWG273 - ~ 6. 4.5-6 - 0to+75 - 
Quad 2-input $G230,231) SY ~ - 2 - 3.5 - D,G 
Quad 2-input $G232, 233] SY - - 2 - 3.5 0 to 75 D,G 
Dual 4-input $G270, 271) SY - - 6.7 | - 3.5 - D,G 
Dual 4- input $G272,273|SY - - 6.7 | - 3.5 0 to 75 D,G 
Dual SE806 4 - 5 +5 2.0 - a 
Quad SWG150 - - 5 4.5-6 ~ ~ 
Quad SWG151 - ~ 5 4.5-6 - ~ 
Quad SWG152 - - 5 4.5-6 ~ - 
Quad SWG153 - - 5 4.5-6 - - 
Dual 4-input SWG170 - ~ 5 4.5-6 = - 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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TT L (continued) 


r— 


Logic 
Levels 


(Volts) 


Logic Function 


Dual 4-input SWG171 
Dual 4-input SWG172 
Dual 4-input SWG173 
Dual 4-input SWG180 
Dual 4-input SWG181 
Dual 4-input SWG182 
Dual 4-input SWG183 
Dual 4-input $W5460 
Dual 4-input Sw7460 | SW 
3-input $G170,171 SY 


— ONO ee ee on 


5 1000 Differ in 
$G172,173 Temp & F.0. 

Dual 3-input $G180, 181 SY Differ in 
Temp & F.O. 


Dual 4-input SN5460 
Dual 4-input SN7460 


ii pee C Cb bt tpt pb 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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188 ELECTRONIC DESIGN 


Amelco 
high-reliability 
silicon 


epitaxial devices 


MONOLITHIC LINEAR 
INTEGRATED CIRCUITS 

These high-performance differential 
amplifiers, operational amplifiers and 
video amplifiers are the result of 
advanced planar diffusion techniques. 
Precise photo - etching and diffusion 
processes result in closely matched 
diffused resistors and small geometry 
transistors for high performance. 


HYBRID LINEAR 

INTEGRATED CIRCUITS 
Characterized by high reliability and 
low cost engineering, these circuits 
utilize thin-film deposition on ceramic 
substrates for passive components 
and interconnections, and die attached 
active components. Standard circuits 
include analog gates amplifiers, multi- 
vibrators and counters, with a variety 
of custom circuits readily available. 


MONOLITHIC INTEGRATED 
LOGIC CIRCUITS 


Amelco digital circuits encompass 
Direct Coupled Transistor Logic (DCTL) 
and Transistor-Transistor Logic (T?L). 
DCTL, called OMIC for Optimized 
Micro-circuits, include transistors with 
dual collectors for improved perform- 
ance. Available in 3 grades and over 
14 circuits. T?L circuits are designed 
for high packaging density and low 
power dissipation to meet the require- 
ments of airborne systems. 


Amelco’s superior reliability and performance are in large part due to 
proprietary methods of ultra-precision photomasking and mask alignment com- 
bined with total quality control over the entire production process. Prompt 
attention is given to all inquiries through the home office or through Amelco 
Field Sales Offices, Representatives, and Distributors throughout the free World. 


AMELCO 
SEMICONDUCTOR 


DIVISION OF TELEDYNE, INC. 
1300 TERRA BELLA AVENUE « MOUNTAIN VIEW, CALIFORNIA 


Mail Address: P.O. Box 1030, Mountain View, California 
Phone: (415) 968-9241 / TWX: (415) 969-9112 / Telex: 34-8416 


ON READER-SERVICE CARD CIRCLE 59 


TRANSISTORS 


Covering General Purpose, Small Sig- 
nal Amplifiers and High Frequency 
types Amelco Transistors are of the 
passivated planar silicon diffused 
construction. Small Signal transistors 
provide excellent gain at low collector 
currents, and High Frequency devices 
benefit from precise control of small 
geometries. 


FIELD EFFECT TRANSISTORS 

Amelco offers an extensive line of 
N channel silicon FET’s, noted for 
high transconductance, low noise, low 
leakage and high reliability. These 
devices are made by passivated pla- 
nar diffusion techniques and are spec- 
ified in a wide range of Pinch-Off 
Voltage and other parameters. Avail- 
able in metal cans or epoxy packages. 


DIFFERENTIAL AMPLIFIERS 


Amelco ‘Diff Amps’ consist of two 
silicon transistors in a single package. 
The transistors are matched to close 
tolerances for use in many critical 
applications. Both conventional and 
field effect transistors are used. 
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4. Emitter-Coupled Logic 


Propaga- 
hie Fan-in 
Delay 
(ns) 


ie he [te 


Half MC303 25} 60 | 10 

Half MC353 25] 60 | 10 

MO | 10 35 | 10 

: MO | 10 52 | 10 

, 10 shee Oy 
10 


Logic 
Levels 
(Volts) 


Package 3 
Type Remarks 


Logic Function Type Model | Mfr. 


>> 
Qa 


Binary Elements 


SW 
MO 
MO 
MO 
- MO 
- SW 
Dual 2-input MO Units differ 
in output 
configuration 
Dual 2-input MO Units differ 
in output 
configuration 
Dual SW Units differ in 
output con- 
figuration 
Dual MO 
Dual MO 
Dual WH 


OR/NOR Dual 4 load resistors 


2 


$N7000 


$N7001 2 load resistors 


Dual 


$W301 SW 
- SW306 SW Units differ 
$W307 in output 


configuration 


OR/NOR/AND 
NAND 


Gate Expanders 
Ec 

Level Translators DTL to CML MC1511 
F CML to DTL MC15}2 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 


26} 35 | 10 
26} 35 | 10 
26} 35 | 10 
26} 35 | 10 
10 
10 
=H. 
25 “1.97 -0.75 400 
80 0.75 2.95) - 


La) 


25 
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Report from . 


BELL 


LABORATORIES 


Diagram illustrating formation of high-purity 
thin film at ordinary vacuum level: Cathode 
consists of reactive metal which, transferred 
to substrate, forms thin film. Anode is shaped 
into enclosing cylinder. Surrounding atmos- 
phere consists of argon and unwanted con- 
taminants. When 1500-volt potential is ap- 
plied, ionized argon ‘‘sputters’’ metal from 
cathode. During sputtering, metal atoms 
getter’ the contaminants—i.e., remove them 
from surroundings and hold them at the con- 
tainer walls. Then a protective shutter is 
swung aside (as shown here) and pure, un- 
contaminated metal travels from the cathode 
to the substrate to form the film. 


(°°. CONTAMINANTS 222300000 
co. 2) GETTERED ON. 244020" 
Ser ee CONTAINER WALLS’ 


CATHODE 


‘SHUTTER- 
(OPEN) 


PURE THIN FILM \ 
J oteE 2 BEING FORMED *-7: 
JE ON SUBSTRATE 2-7 


High-purity thin films 


H. C. Theverer of Bell Laboratories prepares to place 
a thin-film substrate in getter sputtering equipment. 


May 17, 1966 


Very thin films of metal offer many opportunities 
for achieving small high-performance, high-reliability 
electronic circuits. And the technology has now reached 
the point where numerous problems related to thin 
films are being solved. 

One of these problems was contamination of the 
films during preparation. At ordinary levels of vacuum, 
enough contaminants remained in the surrounding 
atmosphere to harm the characteristics of the film. 
Yet establishing an ultrahigh vacuum is expensive 
and time-consuming. 

A solution was found by H. C. Theuerer at Bell 
Telephone Laboratories. It consists of letting reactive 
metals do double duty. As shown in the drawing, the 
same metal that forms the film also removes the con- 
taminants from the atmosphere. With the new process, 
known as “getter sputtering,” film purities that 
formerly required a 10°’ ‘Torr vacuum can now be 
achieved with 10° Torr equipment. 


Bell Telephone Laboratories 


Research and Development Unit of the Bell System 
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5. Resistor-Capacitor Transistor Logic 


Power | Supply 

Diss. |Voltage 

Logic Function (mW) | (Volts) 
USO100A 


bodde Elements 
A . T 
Schmitt Trigg 
R-S FF/Counter 
R-S 
pte cone 
Ripple- -Counter 
aie’ -Counter 
USO1O1A 


caw | == a O SBBOCoEee 


~ NAND/NOR | Dual 3-input | GG3317 


- Tucibool 
Multivibrators 
D 


Logic 
Levels 


(Volts) 


FF7317E 
FF8317E 
TMC40003 
$T2514B 
SN510B 
SN511B 


SN5101B 
SN5111 
SN5112 
SN5113 


FH 
TF 


With Emitter 
Follower 

Dual Presets 
Dual Preset 


11o0vow DTDVUDOEMOMD 


USO101A 


0.3 


Inverter TMC40004 
6 - input SN512B 
6 - input $N513B With Emitter 


Follower 


Dual 3- input SN514B 
Dual 2 - input SN516B 
Triple 2-input | SN5161B 


oO oU0D TUT OODM 


SN5162B 


USO102A 
USO103A 
SN515B 
SN5191 


Emitter 
Follower 


Triple 2 - input 


Exclusive OR 
Pulse 
Exclusive OR 


OD ts 


One-Shot 
Medium Delay 
One-shot 


SN518B | TI 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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@ 


Increase Production...Lower Your Costs! 


AUTOMATIC ASSEMBLY and 
PRODUCTION MACHINES 


ay! 


AUTOMATIC 
CAT-WHISKER 
WELDING MACHINE 
NO. 3711 


AUTOMATIC 
GLASS DIODE 
BEADING MACHINE 
ketal 


Complete Design, 
Development and 
Machine Building 
Services on 
Precision Equipment 
for — 


@ 
‘ AUTOMATIC 
CRYSTAL DIODES: 2 PIECE LEAD-WIRE 
WELDING MACHINE 


® TUBE CUTTING NO. 3485 
© LEAD BEADING i i 

© CRYSTAL GROWING a nn P FINAL SEAL MACHINE 
@ CRYSTAL REFINING Sai... Coe ella NO. 3383 FOR 

@ CRYSTAL MOUNTING  ‘}Pipichrerimatied iyi | DIODE ASSEMBLY 
@ BODY FORMING 15 2th 

@ WELDING 


TRANSISTORS: 


@ HEADER FORMING 
@ CRYSTAL MOUNTING 


KAHLE Engineers have 
the Experience and Facilities to 


@ WELDING Solve Your Production Probiems|! 

@ EXHAUSTING 

@ SEALING Call or write KAHLE for recommendations 
— and other production operations on your specific electronic and related manu- 


facturing operations. KAHLE Automatic 
assembly and production machines are in 
use by hundreds of leading manufacturers 
where they have earned an industry-wide 
reputation for high efficiency and dependable 


KAHLE ~~ 


ENGINEERING COMPANY . 3332 HUDSON AVE., UNION CITY, N. J. 07087 
— : : - Telephone: UNion 7-6500 (Area Code 201) 


EUROPEA S.p.A.—Via Spartaco, 16, Caravaggio (Bergamo), Italy 


DESIGNERS. AND BUILDERS OF AUTOMATIC ASSEMBLY AND PRODUCTION MACHINES FOR ELECTRONICS MANUFACTURING 


ON READER-SERVICE CARD CIRCLE 61 
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6. Complementary Transistor Logic 


Logic 
Levels 
Power} Supply | (Volts) 
Diss. | Voltage 


ita | te et [ene 
Binary Element, Dual - rank CTuL951| FA | 15-20) - | - | 15 | - | 150] 4.5.2 400 | 15t055 | 6 
= =e fia as foal aa| [oe 


Remarks 


Buffers B - - 2 
Gat AND 2,2,3 input CTuL953 3 - 12 4.5,-2 | 0.36] 2.25} 400 15 to 55 G 
is C u Dual 4-input CTuL954 3 - 12 ~ 4.5,-2 | 0.36 400 15 to 55 G 
Single 8-input CTuL955 3 12 | - - 4.5,-2 | 0.36 400 15 to 55 G 
| NOR 2 - CTuL952) FA |} 9 ~ - 10 | - 55 | 4.5,-2 | 0.36] 2.25] 400 15to55 G 
— ' she A. 


1) See pages 4-9 for manufacturer's name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 


js 
y 
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Set 
Nana 


The Choice of the Discriminating 
Communication Engineer... the 
Man who Never Settles for Anything 
Less than THE-VERY-BEST! 


Zelrez: “BEAMED-POWER” 
ANTENNAS and ANTENNA SYSTEMS R. F. INTERFERENCE PLAGUING 
scshiuiy narclomma foot ies | YOU? 


Antennas from 500 Ke to 1500 Me. 
Free PL88 condensed data and pricing 
catalog, describes military and com- 
mercial antennas, systems, accessories, 
Towers, Masts, Rotators, “Baluns"” 

and transmission line data. 


HOW ABOUT 
LITTELFUSE R.F. 
INTERFERENCE SHIELDED 
FUSE POSTS. MILITARY AND 
COMMERCIAL APPLICATIONS 


| r e x ae Write or phone for information 
LABORATORIES LITTELFUSE 


Asbury Park 41, New Jersey, U.S.A. DES PLAINES, ILLINOIS 


ON READER-SERVICE CARD CIRCLE 56 ON READER-SERVICE CARD CIRCLE 57 
ELECTRONIC DESIGN 


Communication 


ANTENNAS 
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7. Miscellaneous Digital Circuits 


Logic 
Levels 
: p (Volts) 
Logic Function : ) 


one BCD decade SN5490 | Tl | f12MHz 150 | 4.5-5. t Count freq. 
BCD decade SN7490 | TI HOMie 150 aed 1000 0- 70 t¢ Count freq. 


Diode ahs + Reverse 
MO 
Dual 3-input . 
Dual 3-input : 


Recovery Time 
== — vot [ Ww cuaea ea eae 


SN5481 Read: 25 
Write: 25 
$N7481 Read: 25 
Write: 25 


@ 


>| Prrrrr 09 
qaqa 


Core 
Oo 
Oo 


, 


ue 


1 ' 38 
> SPMOD.KSPAMDDIOADIAIAINNMYSPOOMOM on 


Adder Dual - Full MEM1000 -55 to+85 
Analog Switch] 4-channel PL4S01 - 0 
1 
Converter BCD to Decimal | PL4G02 -12,- 
BCD to Binary PL4G03 
DtoA - -12,- 
Counter BCD Decade -12,- 
ip- RST - 
-K Fii Dual -12,- 
Multiplexer } 6- Channel - 
5-Channel : 
4-Channel - - 
4-Channel 2 
4-Channel = : 
4-Channel - ? 
3-Channel i r 
3-Channel - 
NAND/NOR | Dual 4-input -12,- —24v clock 
NOR - Gate Dual 3-input - - 
Shift Reg. 9-bit -12,- 
9-bit -12, - 
~ PL5200 i 
Shift Reg. 20 - bit MEM3020 - 
21-bit MEM3021 


NM4002 Apollo pre- 
core driver 
-3 


SN5491 t15MHz 190} 4.5-5. hift freq. 
SN7491 + 15MHz 190} 4. : hift freq. 


SESE COC = ESE 


6 
3 
7 
3 
2 
2 
3 


AND Gate 
AND Gate 
NOR Gate 
NOR Gate 
NOR Gate 
OR Gate 
OR Gate 
Expander 
J-K Binary 


St See Ss 
w 


a AMMmMM™M 


-20,+85 


1) See pages 4-9 for manufacturer’s name. 
2) —55° to +125°C unless otherwise indicated. 
3) MC= Multiple Chip; TF= Thin-film hybrid. 
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8. Linear Circuits 


Supply 
Frequency Impedance Voltage 


Range (ohms) (Volts) 


Amplifier Demodulator MCM602 KE DC-2 kHz *2.6 35 k 410% 4300 + 10% +15VDC 
A ee +12 VDC 
+40 os zi 


Analog switch E16-501_ Ton <500 ns +5 
: Toff <600 ns 


‘ANCIO1 
8502 
WC183G 


n= 100 ns 
ff = 350 ns 


JMHz Video Bandwidth 


H 


aQagnD 


dual input toffset voltage 


tCE/CC 
1400 kHz 
500 kHz 
1400 kHz 
300 kHz 
300 kHz 
1 MHz 

1 MHz 
1000 kHz 


Darington (npn) 
(pnp) 

Darlington (pnp) 
+ Offset Voltage 
{Offset Voltage 
t Offset Voltage 


Sal 
Oo 


500 kHz 
dc—3 MHz 
dc—1 MHz 
dc-3 MHz 
dc-300 MHz 
0-150 kHz 
0-100 kHz 
0-50 kHz 
0-100 kHz 
0-50 kHz 
0-100 kHz 
Ton = 150 ns 
Toff=150 ns 


—-1rrliiiorrs- 


co 
QvvvTVT0C00rUrTrTga rP1rorrrrrrmum™>Y>r>> 


ee Oo To aoe, ga oP 


Dual Darlington 


Differential Comparator} 2A710- .2,-0. + offset voltage 


+ offset voltage 

dual input toffset voltage 
Min-Max Limit Detector 
+ Offset 


+Current gain 
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10-100 kHz 
L 10-100 kHz 
Al 100 kHz 
1 MHz 
MCM601 |KE | 3-100 kHz 
NM1032 de — 190 kHz 


ol rrm> 


1) See pages 4-9 for manufacturer’s names. 
2) MC= Multiple Chip; TF= Thin-film hybrid. 


Linear Circuits (continued) 


Output 
Impedance 
(ohms) 


30 Hz — 11 MHz 
10 Hz — 10 MHz 
0-100 Hz 
0-100 kHz 


50 Hz — 12 kHz 
wie eam 


tGain of 40dB 
tgm 


Gb 


Operational Amp. - A 
oO - A, C t offset voltage 
| - A,C t offset voltage 
- A t offset voltage 
- A t offset voltage 
- A 
- A 
- G 
- A 
- A Darlington Input 
~ A,C t Offset Voltage 
Ait t Offset Voltage 
G FETs 
G 
A, C 
D 
D Emitter follower 
A, D 
D 
A, D 
C tOffset voltage 
E 
E 
E Short-circuit proof 


50 = 
Phase hi Amp. UCI502A SPR |3—- 250 kHz 84 160 
UC1504A | SPR | 200 Hz - 3 MHz 58 230 
oe SPR | 30 Hz — 1) MHz 39 230 
5000 


Power Amp. 
Q Modified To-53 
‘6 8000 Modified To-53 
~ WS140y_ Ton < 0.45 psec hfe > 1000- 
ee kes Toff < 1.8 usec | 
WS! Ton<0.45 usec hfe > 1000 - 
ie ans Toff < 1.8 psec 
Pulse Amp. -UCI509A SPR 2 20k 
maiiest ids 
R 12X264 “10 MHz 75 
RF/IF Amp. 10-200 MHz 18 
, 0-200 MHz $33 ‘a +12 MHz Video 
Bandwidth 


Read Amp. 


Sense Amp. T Offset Voltage 


+ Offset Voltage 
Temp. Compensated 


Digital Output 0-5V 
t+ Prop. delay 
tProp. delay 


wo 
SOT 
Su 
[ep] 


IODNRNNO,YFxy,r> 


EE es a ee Ts ae ile | 


>| 1 | | Prwy, 


1) See pages 4-9 for manufacturer's names. 
2) MC= Multiple Chip; TF= Thin-film hybrid. 
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Linear Circuits (continued) 


Frequency 
. Range 


Function 


Voltage Regulators 100 kHz 

X Gl 100 kHz 16 to -24 150mA 
| Gl 100 kHz +28 to +36 140mA 
504 | Gl 100 kHz 28 to -36 140 mA 
NC/PC511 Gl 100 kHz +15 to +24 150mA 
| PC512 | Gl 100 kHz +27 t0+36 140mA 
NC/PC5]3 Gl 100 kHz 15 to-24 150mA 
PC514 | Gl 100 kHz -27 to -36 140mA 

PL-521 | Gl 100KHz +28 +6V 

PL-523 | Gl - -28 4V 

NCS-675A Gl - +28 +5V 

NM1004 | NOR - >20, >30 s 


1) See pages 4-9 for manufacturer’s names. 
2) MC= Multiple Chip; TF= Thin-film hybrid. 


Input Output Supply 
Impedance | Impedance Voltage 2 
(ohms) (ohms) (Volts) Remarks 


= 0.4 mV E 

- f E 

- E 

- E 

- AorE 

- E 

- AorE 

= E 

- E Imax=200 mA 
~ E Imax=200 mA 
x A Imax=200mA 


tDrive Current 


Pe 
& 


-. integrated circuitry 
thin film devices 
semiconductors : 


De es 


: 


; 


S 
' 
| 


elm PHOTOMASKS 


=) NEW Perma-Chrome (metal film on glass). = 


tat > High resolution photo emulsion. = 
EVAPORATION MASKS 
Electroformed nickel. 


= % 
A poe ; 
Nii RAs BOE IEC ORSEEED Bat 


Etched molybdenum and stainless steel. 


EM, 


Bimetal (electroformed nickel and copper). 


ON READER-SERVICE OARD CIRCLE 62 


YOUR 


SHORTEST 


ROUTE 


to what’s new in 
Semiconductor Coolers 


WAKEFIELD DISTRIBUTOR 
PRODUCTS CATALOG 


The latest designs in Heat 
Sinks are as near as your 
nearby authorized WAKEFIELD 
Electronic Distributor. His 
name is in our catalog along 
with the full line he stocks: 
milliwatt to high power coolers, 
circuit board coolers, extru- 
sions, thermal joint compound, 
DELTA BOND 152 Thermally 
Conductive Adhesive. 


FOR YOUR COPY, WRITE 


WAKEFIELD 


INC. 


NC-680-1.0 


Ccev.Ta 


DIVISION 


ENGINEERING, 


139 FOUNDRY ST. / WAKEFIELD, MASS. (617) 245-5900 © TWX 617-245-9213 


ON READER-SERVICE CARD CIRCLE 63 
ELECTRONIC DESIGN 


A NEW integrated-circuit, 
core memory system 
from FABRI-TEK 


es 
eo. 
@¢. 
ee 
“@ 4 
ed 


ee 


e 


Here is a compact, versatile memory system at 
a truly economical price which can perform 
any of the standard data storage functions 
with reliability. Full cycle time is 2 micro- 
seconds, half-cycle time is 1.25 microseconds. 
Access time is 850 nanoseconds. Four access 
modes are possible: Random; Sequential; 
Random/Sequential; and Sequential-inter- 
laced. Capacities available are: 64, 128, 256, 512, 
1024, 2048, and 4096 words, with 2 to 30 bits per 
word in increments of 2 bits. A choice of input 
and output interface circuits and optional ad- 
dress register is offered. Power supply and self- 
test exerciser are available options. Fabri-Tek’s 
‘“‘standardized design’’ concept gives you a 


FABRI-TEK LEADS IN MEMORY TECHNOLOGY 


Check with Fabri- Tek for rewarding engineering opportunities! 


custom fit to your particular memory require- 
ments with the economy of mass production. 


This new memory system from Fabri-Tek can 
be ordered out of a catalog. You choose the 
features by the number and your system will 
be delivered, ready to plug into your equipment 
rack. A connector wiring diagram of your 
specific system will be sent to you before deliv- 
ery of the memory system so you’ll be ready 
to operate without waste of time. 


Ask for Bulletin 6535, Series MUA2 Integrated- 
circuit core memory system. Write, call, or 
wire: Fabri-Tek, Incorporated, Amery, Wis- 
consin; phone 715-268-7155; TWX 510-376-1710. 


ac 
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NUMERICAL 
AJP 8E 
4JP114 8L 
4JP116 8V 
4JP380 8F 
4JP912 8B 
4JP913 8B 
4JPA107 80 
4JPA113 8L 
4JPA135 80 
12X207 8L 
12X218 8L 
12X264 8S 
203 8H 
8200 1B 
8201 1H 
8202 1H 
8203 1 
8204 1E5 
8207 1E1 
8208 1E1 
8209 1E1 
8210 1E1 
8213 1D 
8214 1E3 
8502 8C 
AO] 1E4 
AO2 1E4 
AO3 1B 
AO4. 1F 
AO5 1E4 
A06 1E4 
AO7 1E4 
AOS 1 
AO9 1B 
A10 1E4, 2E2 
All 2A, 2E2 
A12 1E4 
A13 1E4, 2B 
A13-251 8 

Al4 1E4, 2E2 
A15 1E4, 2H 
A16 2B 
A17 2B 
A20 1D 
AA1 1E4 
Ad2 1E4 
A43 1B 
A44 1F 
A45 1E4 
AAG 1E4 
AA7 1E4 
A48 1l 
A49 1B 


A50 
A51 
A52 
A53 
A54 
A55 
A60 
AMC101 


BO1 
BO2 
B11004 
BC11001 


ee ae 


C11001 
C11004 
CS700 
CS701 
CS704 
CS705 
CS709 
CS715 
CS716 
CS720 
CS721 
CS727 
CS$729 
CS730 
CS731 
CS$732 
CT L952 
CT L953 
CT L954 
CT L955 
CT L956 
CT L957 


Lo Tie 


D13-000 
D13-001 

D13-002 

DM3510B 
DT L930 
DT L931 

DT L932 
DT L933 
DT L944 
DT L945 
DT:L946 
DT»L948 
DT L950 
DT L951 

DT L962 


See 


E11001 
E11004 
E13-511 
E16-501 


ee 


FF1514B 
FF7317E 
FF8317E 
Fu.L90029 
FuL90329 


F.L90529 
FuL91029 
FuL91129 
FulL91429 
FulL91529 
FuL92129 
FuL92329 


Soe rae 


G11001 
G11004 
GG1514B 
GG3317 


ohitake. 


H11001 
H11004 


ea Oey 


J11001 
J11004 


K11001 
K11004 


oe eae 


L11001 
L11004 


M11001 
M11004 
MC201 
MC202 
MC203 
MC204 
MC205 
MC206 


Index of microelectronic devices 


MC207 
MC208 
MC209 
MC212 
MC213 
MC215 
MC217 
MC251 
MC252 
MC253 
MC254 
MC255 


MC256 
MC257 
MC258 
MC259 
MC260 
MC262 
MC263 
MC265 
MC267 
MC281G 
MC282G 
MC284G 
MC301 
MC302 
MC303 


MC304 
MC305 
MC306 
MC307 
MC308 


MC309 
MC310 
MC311 
MC312 
MC315 


MC351 
MC352 
MC353 
MC354 
MC355 


MC356 
MC357 
MC358 
MC359 
MC360 


MC361 
MC362 
MC365 
MC650G 
MC651F 


MC652 
MC700G 


‘MC701G 


MC702G 
MC703G 


ELECTRONIC DESIGN 


ise Vt aes | OCU 
A REMARKABLE NEW 


IN-CIRCUIT 


SEMICONDUCTOR" 


Weltek’s new Model 750 can be set up in minutes to do mi- 
crominiature welding, controlled soldering or ‘“‘nail head”’ 
bonding. With this one piece of equipment you can solder 
or weld flat packs to p.c. boards, do module welding, point- 
to-point microsoldering or bond a wire to a transistor chip! 
-The possibilities are unlimited. The 750 can do all of your 
miniature joining work ...in the lab or in production. And 
it is reasonably priced. 


FREE SAMPLING SERVICE! 


Send us your miniature joining problems 
...we sample quickly. No obligation. 


Precision Bonders 
by WELLS ELECTRONICS, INC. 


Gea MODEL 259 
1701 S. Main Street, South Bend, Indiana, U.S.A. 


Oh READS sevice CAALCEnCie'se | measures leakage IN-CIRCUIT 


Send for your copy of this of transistors, diodes, F.E.T.’s 
NEW catalog on... ...any semiconductor device 


ALSO MEASURES... 
BUCKEYE M Low and high power transistors for 1000 cycle 
matching 


Beta within range 1 to 1000. 
Instrument 


W@ F.E.T. transconductance to 10,000 micromhos, 
MM Resistance across semiconductor electrodes. 
Greatly expanded line of 


FEATURES... 
@ Battery operated. 
B Rugged, drip-proof, high impact plastic case and 
cover. 

three standard series plus 

wide range of modifications 

e Molded of tough Implex or 

Cycolac in four standard 

colors e¢ Concentrics, bar 
knobs and spinners e Stand- 
ard with metal bushing and 
set screws 


OPTIONAL FEATURES and EQUIPMENT 

@ Automatic Beta calibration — sets collector cur- 
rent of transistor under test at 1 ma. 

M One hand operated in-circuit test probe. 


WRITE FOR TECHNICAL CATALOG 
For Fast, Off-The-Shelf Delivery, Call 
DISTRIBUTORS 


Electronic Wholesalers * Washington, D. C. * (202) 483-5200 
Allied Radio * Chicago, III. * (312) 421-6800 
Radio Electric Service Co. « Phila., Pa. * (215) 348-3010 


Complete stock STOCKING REPRESENTATIVES 
maintained to Bonn Assoc. * Metuchen, N. J. * (201) 549-9573 
provide samples NBS, Inc. * Orlando, Fla. * (305) 423-4856 
and quick Lightstone Corp. * Syracuse, N. Y, © (315) 454-3209 
delivery. 
i oe 
® 
the BUCKEYE stamping co. “& merican Eitectronic Ksaboratories, inc. 
555 MARION RD., COLUMBUS, 0. 43207 P. O. BOX 552, LANSDALE, PA. 19446 » (215) 822-2929 
“QUALITY PRODUCTS SINCE 1902” 
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OH) Important Books 
on Electronics 
INTRODUCTION TO LASER PHYSICS 
By B&La A. LENGYEL. Includes ma- 
terial on solid-state, fluid-state and 
gas lasers, variation of laser oscilla- 
tions in space and time, and laser 
applications, with background on 
radiation, atomic physics and the 
theory of lasers. 1966. 311 pages. 
$8.95 


NETWORK ANALYSIS AND SYNTHESIS 

Second Edition. By F. R. Kuo. Cov- 
ers modern network analysis and 
synthesis in a single unit. Includes 
new material on computer tech- 
niques in circuit design, Fourier 
series and Fourier integral, and ap- 
proximation. 1966. 515 pages. $11.95 


MODERN CERAMICS: 

Some Principles and Concepts. 
Edited by J. E. HOvE and W. C. 
RILEY. Reviews scientific and engi- 
neering principles and _ concepts 
which have led to the development of 
modern ceramic technology. Selected 
examples of exciting new classes of 
ceramics are described. 1965, 409 
pages. $14.50 


ELECTRONICS 

By R. H. MATTson. Provides the 
basic tools for effective circuit de- 
sign. 1966. 620 pages. $12.95 


RECENT ADVANCES IN 

OPTIMIZATION TECHNIQUES 

Edited by A. Lavi and T. P. VOGL. 
Comprises the papers presented at 
a symposium held in Pittsburgh in 
April, 1965. 1966. 656 pages. Prob. 
$12.50 


THIN FILM MICROELECTRONICS: 

The Preparation and Properties of 
Components and Circuit Arrays. 
Edited by L. HOLLAND. 1966. 284 
pages. $9.00 


SEMI-CONDUCTORS 

By D. A. WricHT. Third Edition. 
A Methuen Monograph on Physical 
Subjects. 1966. $3.25. In press. 


FERROMAGNETISM AND 

FERROMAGNETIC DOMAINS 

By D.:-J. CRAIK and R. S. TEBBLE. 
A North-Holland (Interscience) 


publication in the Wohlfarth series. 


1965. 337 pages. $14.00 
Available from your bookseller, or 


JOHN WILEY & SONS, INC. 
605 THIRD AVENUE 
NEW YORK, N.Y. 10016 
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MC704G 
MC705G 
MC706G 
MC707G 
MC708G 
MC709G 
MC710G 
MC711G 
MC712G 
MC714G 


MC715G 
MC718G 
MC720G 
MC721G 
MC723G 


MC726G 
MC727G 
MC800G 
MC801G 
MC802G 


MC803G 
MC804G 
MC805G 
MC806G 
MC807G 


MC813G 
MC814G 
MC815G 
MC816G 
MC826G 


MC827G 
MC830 
MC831 
MC832 
MC833 


MC844 
MC845 
MC846 
MC848 
MC862 


MC900G 
MC901G 
MC902G 
MC903G 
MC904G 


MC905G 


MC906G — 


MC907G 
MC908G 
MC909G 
MC910G 
MC911G 
MC912G 
MC913G 
MC914G 


MC915G 
MC916G 
MC918G 
MC920G 
MC921G 


MC926G 
MC927G 
MC930 
MC931 
MC932 


MC933 
MC944 
MC945 
MC946 
MC948 


MC962 

MC1110 
MC1111 
MC1112 
MC1113 


MC1114 


MC1115 1G 


MC1116 7B 
MC1117 7B 
MC1118 7B 
MC1511 AF 
MC1512 4F 
MC1519 8H 
MC1524 8Q 
MC1525 8H 
MC1526 8H 
MC1527 8H 
MC1528 8H 
MC1530 80 
MC1531 80 
MCM601 8L 
MCM602 8A 
MCM611 8Q 
MEM1000 7F 
MEM1002 7F 
MEM1005 Zh 
MEM2001 7E 
MEM2002 7F 
MEM2003 7F 
MEM2004 7F 
MEM2004A 7F 
MEM2005 7. 
MEM2006 7F 
MEM2007 aig 
MEM3020 7F 
MEM3021 7F 
MW,L908 2A 
MWL909 2C 
MW.L910 2E1 
MWzL911 2E1 
MWzL912 2A 
MWuLl913 2B 
MWzL921 2F 
7095 2E2 
7103 3D3 
u7104 3D3 
u.7105 3D3 
7106 3D3 
pA702A 80 
uA702C 80 
A709 80 
pwA709C 80 
A710 8l 
uwA710C 8| 
A711 8H 
pA711C 8] 
u.L900 2C 
pL902 2B 
L903 2E1 
p.L904 2A 
L905 2i 
L906 2\ 
pL907 2e2 
ulL914 2E1 
plL915 2E1 
pl916 2B 
L927 1E4 
na nee 
NB1000 2C 
NB1001 2D 
NB1002 2B 
NB1003 2E2 
NB1004 2A 
NB1005 2\ 
NB1007 2E2 
NB1014 2E2 
NB1015 22 
NC-10 FES 
NC-11 1E3 
NC/PC8 1B 
NC/PC9 7J 
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NC/PC12 
NC/PC16 
NC /PC17 
NC/PC19 


NC/PC101 
NC/PC511 
NC/PC513 


ND1002 
ND1003 
ND1006 
NM1003 
NM1004 


NM1005 
NM1006 
NM1008 
NM1021 
NM1032 


NM1033 
NM1037 
NM1038 
NM2012 
NM2016 
NM2017 
NM2024 
NM4002 


P11001 
P11004 


PA702A/712 


PA710 
PA713 
PA7026 
PA7600 
PA7602 
PA7602 
PC-10 
PC-11 
PC-13 
PC-14 
PC-15 
PC-18 
PC200 
PC201 
PC210 
PC212 
PC250 


PC251 
PC401 
“PC402 
PC501 
PC502 


PC503 
PC504 
PC512 
PC514 
PC521 
PC523 
PC675A 
pL4C01 
pL4G01 
~ pL4Go2 
pL4G03 
pL4MO1 
pL4R01 
pL4R02 
pL4S01 
pL4so2 
pL5200 
PL900 
PL901 
PL902 
PL903 
PL904 
PL905 
PL906 
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SWITCHES. 


ESTABLISHING A NEW SET i 
OF PERFORMANCE STANDARDS! 


@ Up to 12 positions per deck with stops. 
@ As many as 6 poles per deck. 


@ Shorting and non-shorting poles may be 
grouped on one deck in any combination. 


@ All individual deck parts are self-contained, 
and are permanently molded into place. 


@ Wiring to switches possible “‘in the flat”. 
@ Easily assembled and disassembled 


with WuvEasy construction. 


“Oft-The-Shelf’”’ Delivery 
Write for complete engineering information 
ELECTRONICS, INC. 


General Sales Office: One Hixon Place, 
Maplewood, New Jersey 07040 
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tn mt OO, Ot ae FOR CION MET CO om 


You name the shape, we have it—or we'll make it for you: 


For everything in meters 
you can count on Ideal. 


Ideal is a specialist’s specialist—a com- Write for free 52-pg. handbook and cat- 
plete facility with 100% concentration on alog. Ideal Precision Meter Co., Inc., 218 
meter development and design exclusive- Franklin St., Brooklyn, N.Y. 11222. (212) 
ly. |\deal meters are used by every branch EVergreen 3-6904. 


of the Military and by leaders in defense 
and industry. Whatever you need in me- 
ters—ruggedized or commercial, custom 
and stock, 1%” to 7” —call Ideal, the 
proven leader, 


yh | 1), 
~ IDEAL © 


ON READER-SERVICE CARD CIRCLE 70 


203 


PL907 2E1 


PL908 2A 
PL909 2C 
PL910 2E1 
PL911 2E1 
PL912 2A 
PL913 2\ 
PL915 2E1 
PL916 2B 
PL921 2F 
PL930 Les 
PL931 1B 
PL932 1D 
PL933 iF 
PL946 1E3 
ae; ee 
Q25AH 80 
Q85AH 80 
aa Se 
R11001 2\ 
R11004 2\ 
R12001 2B 
RC103 2E2 
RC123 2E2 
RC124 2E2 
RC144 2E2 
RC201G LES 
RC201T LES 
RC202T 1B 
RC203T 1B 
RC204G 1E3 
RC204Q 1E3 
RC204T 1E3 
RC205T 1J 
RC206G 1E3 
RC210G 1D 
RC210Q 1D 
RC210T 1D 
RC211T 1E3 
RC212T 1B 
RC213T 1B 
RC214T LES 
RC215T 1B 
RC216G UY Bs 
RC221T LES 
RC223 1E3 
RC224 LE3 
RC224T 1E3 
RC226 1F 
RC231G 1E3 


RC243 1E3 | $1945 
RC246 1F | $1945D 
RC301 21 | $1946 1E4 
RC322 2E2 | $1946D 1E4 
RC323 2E2 | $1948 
RC324 2E2 | $1948D 
RC342 2E2 | $1962 1E4 
RC344 2E2 | $1962D 1E4 
RC401 2E2 | $11001 
RC1031 2E2 | S11004 
RC1032 2E2 | SA10 8U 
RC1033 2E2 | SAll 8U 
RC1231 2E2 | SA20 8W 
RC1232 2E2 | SE101 1E4 
RC1233 2E2 | SE102 1E4 
RC1243 2E2 | SE105 
RC1443 2E2 | SE106 
RD-111 1F | SE110 1E4 
RD-205 1E4 | SE111 1E4 
RD-206 164 | SE112 1E4 
RD-207 iB | SE113 1E4 
RD-208 1B | SE115 1E4 
RD-209 1D | SE124 1B 
RD-210 1E4 | SE125 1B 
RD-305 164 | SE155 1D 
RD-306 1E4 | SE156 1D 
RD-307 1B | SE157 1D 
RD-308 1B | SE160 
RD-309 1D | SE161 
RD-310 1£4 | SE170 1E4 
RD-505 1E4 | SE180 1E4 
RD-506 1E4 | SE181 1G 
RD-507 1B eee Bu 
: 1 
RD.509 1p | SE504 - 8U 
RD-510 1E4 | SE505 ‘8H 
RD-711 1F | SE506 80 
RM-50 7B | SE560 
RM-60 7B | SE750 1D 
RM-70 7R | SE806 3E 
SE808 3D2 
eee: SE816 3D2 
SE825 3B 
S1930 164 | SE826 3B 
$1930D 1£4 | SE840 3D4 
$1931 1B | SE855 3C 
$1931D 1B | SE870 3D2 
$1932 1D gees 3D2 
$1932D 1D F10 3B 
$1933 iF | SFil 3B 
$1933D 1F | SF12 3B 
$1944 1E4 | SF13 3B 
$1944D 1E4 | SF20 3B 


Selection Guide for Tubular Parts 


Ren nos 


SE\URTION cuKee 
Ow FURES, HNE., cocerenit re 


A new Selection Guide for thin metal tubing and 
tubular parts covers 62 alloys regularly drawn 
and fabricated including glass-to-metal sealing 
alloys. To facilitate mating with other parts dur- 
ing assembly, electronic parts are offered with 
ID-radiused ends. The same machinery that does 
the cutting and ID-radiusing also forms flares, 
flanges, bulges and constrictions at the same 
time thereby minimizing costs. Automated ID- 
radiusing is limited to O.D.'s of 0.040” to 0.187”, 
walls of 0.003” to 0.025’" and lengths of %” to 
¥e"". Standard forming techniques extend these 
sizes to 0.625" max. O.D., 0.003” min. O.D., walls 
as thin as 0.0005” and unlimited lengths. 


Uniform Tubes, Inc. 


Collegeville, Pa. 19426 
ON 
204 
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SF22 3B 
SF23 3B 
SF30 3B 
SF31 3B 
SF32 3B 
SF33 3B 
SF50 3B 
SF51 3B 
SF52 3B 
SF53 3B 
SF60 3B 
SF61 3B 
SF62 3B 
SF63 3B 
SF250 3B 
SF251 3B 
SF252 3B 
SF253 3B 
SF260 3B 
SF261 3B 
SF262 3B 
SF263 3B 
SG40 3D3 
SG41 3D3 
SG42 3D3 
SG43 3D3 
SG50 3D4 
SG51 3D4 
SG52 3D4 
SG53 3D4 
SG60 3D3 
SG61 3D3 
SG62 3D3 
SG63 3D3 
SG92 3A 
SG93 3A 
SG100 3D4 
SG101 3D4 
SG102 3D4 
SG103 3D4 
SG110 3D4 
SG111 3D4 
SG112 3D4 
SG113 3D4 
SG120 3D3 
SG121 3D3 
SG122 3D3 
SG123 3D3 
SG130 3C 
SG131 3C 
SG132 3C 
$G133 3C 
SG160 3C 
SG161 3C 
SG162 3C 
SG163 3C 
SG170 3E 
SG171 3E 
SG172 3E 
SG173 3E 
SG180 3E 
SG181 3E 
SG182 3E 
SG183 3E 
SG190 3D3 
SG191 3D3 
SG192 3D3 
SG193 3D3 
SG210 3D4 
SG211 3D4 
SG212 3D4 
SG213 3D4 
SG220 3D3 
SG221 3D3 
SG222 . 3D3 
SG223 3D3 
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$G230 
$G231 
$G232 
$G233 
$G240 


$G241 
$G242 
$G243 
$G250 
$G251 


$G252 
$G253 
SG260 
$G261 
$G262 
SG263 
$G270 
$G271 
$G272 
$G273 


SN343A 
SN346A 
SN510B 
SN511B 
SN512B 
SN513B 
SN514B 
SN515B 
SN516B 
SN517B 
SN518B 
SN521A 
SN522A 
SN523A 
SN524A 


SN525A 
SN526A 
SN530 
SN531 
SN532 


SN533 
SN534 
SN535 
SN723 
SN724 
SN1729 
SN1730 
SN1731 
SN1732 
SN1733 


SN1734 
SN1735 
SN5101B 
SN5111 
SN5112 


SN5113 
SN5161B 
SN5162B 
SN5191 
SN5301 


SN5302 
SN5304 
SN5311 
SN5331 
SN5360 


SN5370 
SN5380 
SN5400 
SN5410 
SN5420 


SN5430 
SN5440 
SN5450 
SN5451 
SN5453 


SN5460 
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SN5470 
SN5472 
SN5473 
SN5474 
SN5480 
SN5481 
SN5490 
SN5491 
SN5500 
SN5510 
SN5832 
SN7000 
SN7001 
SN7300 
SN7301 
SN7302 
SN7304 
SN7310 
SN7311 


SN7320 
SN7330 
SN7331 
SN7350 
SN7360 
SN7370 
SN7380 
SN7400 
SN7410 
SN7420 
SN7430 
SN7440 
SN7451 
SN7453 
SN7460 
SN7470 
SN7472 
SN7473 
SN7474 
SN7480 
SN7481 
SN7490 
SN7491 
SN7500 
SN15830 


SN15831 
SN15833 
SN15844 
SN15846 
SN15848 


SN15850 


_ SN15851 


SN15862 
SN15930 
SN15931 


SN15932 
SN15933 
SN15944 
SN15945 
SN15946 
SN15948 
SN15950 
SN15951 
SN15962 
SN54930 
SN54932 
SN54946 
SN54948 
SN54962 
SN54965 
SN54966 
SN74930 
SN74932 
SN74946 
SN74948 
SN74962 
SN74965 
SN74966 


SHIELDED 
“BLACK BOXES” 


PHILO 


protect custom test 
circuits with 
effective 

RF shielding 


Use these unique component-mounting 
die-cast aluminum containers to package 
active, passive, or isolation networks, 
voltage dividers, attenuators, or other 
specific testing circuitry... with RF 
shielding. 

Select from 12 different connector com- 
binations to fit existing test equipment. 
Aluminum cover secured by four self- 
tapping screws. Solder turret terminals 
provide permanent, noise-free connec- 
tions. 


TYPICAL 
| MODELS 


= 


The complete series of Shielded “Black 
Boxes” is described and illustrated in the 
new Pomona General Catalog, 11-66. 
Write for your free copy today. 


POMONA 


ELECTRONICS Co., INC. 
1500 East Ninth Street, Pomona, California 91769 
Telephone (714) 623-3463 
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Over 5 million successful in- 
stallations! That’s the record 
of the Howard Unit Bearing 
Motor, available only in HOW- 
ARD CYCLOHM Fans and 
Blowers. A complete line en- 
gineered to provide greater 
output at less cost, and guar- 
anteed for 5 years to require no 
maintenance or re-lubrication. 
For rating tables, prices and 
full information, ask for the 
Howard Fan and Blower 
bulletins. 


HOWARD INDUSTRIES 


DIVISION OF MSL INDUSTRIES, INC. 


1760 STATE STREET, RACINE, WIS. 53404 
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$T2514B 
SU300 


$U305 


SW5400 
SW5410 
SW5420 
SW5430 
SW5440 


SW5450 
SW5460 
SW5470 
SW7400 
SW7410 
SW7420 
SW7430 
SW7440 
SW7450 
SW7460 
SW7470 
SWAO1 
SWAO2 
SWA04 
SWAOS5 
SWF10 
SWF11 
SWF12 
SWF13 
SWF20 
SWF21 
SWF22 
SWF23 
SWF50 
SWF51 


_ SWF52 


SWF53 

SWF250 
SWF251 
SWF252 


SWF253 
SWF260 
SWF261 
SWF262 
SWF263 
SWG4A 
SWG4B 
SWG5A 
SWG5B 
SWG14 
SWG16 
SWG21 
SWG40 
SWG41 
SWG42 
SWG43 
SWG50 
SWG51 
SWG52 
SWG53 
SWG60 
SWG61 
SWG62 
SWG63 
SWG90 


SWG91 

SWG92 

SWG93 

SWG100 
SWG101 
SWG102 
SWG103 
SWG110 
SWG111 
SWG112 
SWG113 
SWG120 
SWG121 
SWG122 
SWG123 
SWG130 
SWG131 
SWG132 
SWG133 
SWG140 


SWG141 
SWG142 
SWG143 
SWG150 
SWG151 


SWG152 
SWG153 
SWG170 
SWG171 
SWG172 


SWG173 
SWG180 
SWG181 
SWG182 
SWG183 


SWG210 
SWG211 
SWG212 
SWG213 
SWG220 


SWG221 
SWG222 
SWG223 
SWG230 
SWG231 


SWG232 
SWG233 
SWG240 
SWG241 
SWG242 


SWG243 


ELECTRONIC DESIGN 


SWG250 
SWG251 
SWG252 
SWG253 


SWG260 
SWG261 
SWG262 
SWG263 
SWG270 


SWG271 
SWG272 
SWG273 


nes, ies 


735-002 
TFF3011 
TFF3013 
TFF3015 
TFF3017 
TMC40001 
TMC40002 
TMC40003 
TMC40004 
TMC40005 
TMC40006 
TNG3011 
TNG3043 
TNG3015 
TNG3017 
TNG3031 
TNG3041 
TNG3043 
TNG3045 
TNG3047 


TNG3051 
TNG3111 
™NG3113 
TNG3115 
TNG3117 


TNG3131 
™NG3141 
TNG3143 
TNG3145 
TNG3147 


TNG3211 
TNG3213 
TNG3215 
TNG3217 
TNG3231 


TNG3241 
TNG3243 
TNG3245 
TNG3247 
TNG3251 


TTuL103 
TT L104 


ca ks 


UC1001B 
UC1002B 
UC1003B 
UC1004B 
UC1005B 
UC1006B 
UC1501A 
UC1502A 
UC1503A 
UC1504A 
UC1505A 
UC1506A 
UC1507A 
UC1508A 
UC1509A 
UC1510A 
USO100A 
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USO101A 
USO102A 
USO103A 


eae aes 


WC183G 
WM108 
WM201 
WM202 


~WM203 


WM204 
WM205 
WM206 
WM208T 
WM210 


WM211 
WM212 
WM213 
WM214 
WM215 


WM216 
WM217 
WM221 
WM224 
WM225G 
WM226G 
WM227 
WM231 
WM234G 
WM236G 


WM241G 


WM286G 


WM296G 
WM503 
WM506 
WM510 
WM556 


WM701 
WM704 
WM1101 
WM1102 
WM1106 


WM1116 
WM1126 
WM1136 
WM1146 
WM1146Q 


WS112y 
WS115 
WS123 
WS140y 
WS141G 


WS142 
WS143G 
WS144 
WS150 
WS150Q 
WS151 
WS153 
WS1610 
WS277 
WS371 
WS8100 
WS8110 
WS8120 
WS8130 
WS8140 
WS815 
WS816 
WS817 
WS8170 
WS934 
WS1454 


4700 Series 


MICRO-MINIATURE 
Highest Q 


Variable Air Capacitors 


New Johanson 4700 Series variable air capa- 
citors provide, in micro miniature size, the high 
Q important in demanding aerospace applica- 
tions. In addition their ultra-rugged construction 
assures highest reliability in the most critical 
environments. 

Available in printed circuit, turret and threaded 
terminal types. 


SPECIFICATIONS 
Size: .145 diameter, 1/2” length 
Q@ @ 100 MC, >5000 
Q@ @ 250 MC, >2000 
Capacity Range: 0.35 pF to 3.5 pF 
Working Voltage: 250 VDC (test voltage, 500 VDC) 
Insulation Resistance: > 106 Megohms 
Temp. Range: —55°C to 125°C 
Temp. Coefficient: 50+50 ppm/°C 


Write today for full data. 


SVphandon) MANUFACTURING 
CORPORATION 


400 Rockaway Valley Road, Boonton, N. J. 07005 (201) 334-2676 
+ @LECTRONIC ACCURACY THROUGH MECHANICAL PRECISION. 
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Why IEE rear-projection 
readouts make good reading 


Not the kind of good reading you’d curl 
up with on a rainy night. But a more 
important kind if you’re designing 
equipment that requires message dis- 
play. Reason is that IEE readouts are 
the most readable readouts around. If 
you’ve seen them, you know this to be 
fact. If you haven’t as yet, here is why 
our readouts make such good reading: 


SINGLE-PLANE PRESENTATION 


No visual hash of tandem-stacked fila- 
ments. IEE readouts are miniature 
rear-projectors that display the re- 
quired messages, one at a time, on a 
non-glare viewing screen. Only the 
message that’s “on” is visible. 


EASY-TO-READ CHARACTERS 


Since IEE readouts can display any- 
thing that can be put on film, you’re not 
limited to thin wire filament, dotted, or 
segmented digits. Order your IEE read- 
outs with familiar, highly legible char- 
acters that meet human factors and Mil 
Spec requirements. This section from 
our sample type sheet gives you an idea 
of the styles available that offer opti- 
mal stroke/width/height ratio for good 
legibility. 


BALANCED BRIGHTNESS / CONTRAST RATIO 


The chart below is a reasonable fac- 
simile of character brightness and how 


it affects readability. The background 
is constant, but the brightness increases 
from left to right. You can draw your 
own conclusions, armed with the fact 
that IEE readouts give you up to 90 
foot lamberts of brightness. Brightness, 
however, isn’t the sole factor in judging 
readability. Background contrast is 
equally important —a fact we’ve simu- 
lated below, reading from left to right. 


© 


Obviously, brightness without contrast 
or vice versa, doesn’t do much for read- 
ability. A balanced ratio of both gives 
you the crisp legibility of IEE readouts. 


WIDE-ANGLE READABILITY 
IEE’s unique combination of single- 
plane projection, flat viewing screen, 
balanced ratio of brightness/contrast, 
and big, bold characters makes for 
wide-angle clarity and long viewing 
distances, 


OTHER WAYS IEE READOUTS MAKE GOOD SENSE 


As if the superior readability of our 
readouts weren’t enough, here are a 
few reasons why IEE readouts make 
good sense in other areas: 


M 


INFINITE DISPLAY VERSATILITY 


Because our readouts use lamps, lenses, 
film, and a screen, they can display lit- 
erally anything that can be put on film. 
That means you have up to 12 message 
positions with each readout to display 
any combination of letters, words, num- 
bers, symbols, and even colors! 


FIVE SIZES TO PICK FROM 


IEE readouts now come in five sizes 
providing maximum character heights 
of 38”, 4%”, 1”, 2”, and 3%”. The smallest 
is the new Series 340 readout that’s 
only 4” H x %” W, yet can be read from 
30 feet away. The largest, the Series 
80, is clearly legible from 100 feet away. 


EASY TO QPERATE 


IEE readouts are available with volt- 
age requirements from 6 to 28 volts, 
depending on lamps specified. Commer- 
cial or MS lamps may be used, with up 
to 30,000 hours of operation per lamp. 
Lamps may be rapidly replaced without 
tools of any kind. 

Our readouts operate from straight 
decimal input or will accept conven- 
tional binary codes when used with IEE 
low-current driver/decoders. 


For more proof why IKE rear-projec- 
tion readouts make good reading, send 
us your inquiry. You'll see for yourself 
why they’ve been making the best seller 
list, year after year! 


INDUSTRIAL 
ELECTRONIC 
ENGINEERS, INC. 


7720 Lemona Avenue, Van Nuys, California 
Phone: (213) 787-0311 »+ TWX (910) 495-1707 


Representatives in Principal Cities © 1966 IEE 
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For free reprints... 


. . . just circle the numbers 
on your Reader-Service Card. 


Planning to use MOS arrays? 
Learn which factors influence 
equipment weight, size and pow- 
er as well as system cost. Circle 
Reader-Service No. 510. 


New FETs replace tubes in audio 
equipment on a one-for-one basis. 
The advantages include higher 
gain and reduced distortion, with 
little parameter drift. Circle 
Reader-Service No. 511. 


Its what’s up front that counts 
when good noise performance is 
needed in integrated amplifiers. 
An analysis of direct-coupled cas- 
cades proves the point. Circle 
Reader-Service No. 512. 


A FET operating at UHF? 
That’s right. And here’s how to 
design a high-gain, low-noise, 
stable 500 MHz amplifier with 
field-effect transistors. Circle 
Reader-Service No. 518. 


Simplify NAND-circuit synthes- 
is in your next logic design. Here 
are the various methods for im- 
plementing a logic function en- 
tirely with NAND gates. Circle 
Reader-Service No. 514. 


ELECTRONIC DESIGN 


get test 
flexibility... 


with Tl semiconductor instrumentation 


MODEL 553 DYNAMIC TEST SYSTEM (upperright) MODEL 635B RESISTIVITY METER 


for single-socket d-c and dynamic testing of IC’s, A portable a-c ee 
thin films, modules, discrete semiconductors. testinstrument -~=— 
The 553 makes digitally-programmed automatic for measuring 
measurements with an accuracy of 1% of read- bulk, slice and 
ing. Operators can easily learn to program tests sheet resistiv- 
using simple mnemonic language. ity of semicon- 
ductor material. 


A 5-point probe 
MODEL 665 TRANSISTOR TEST SYSTEM (upper left) gives high accu- 


for transistors and diodes features fast pro- racy. Range is 
gram changes. Change paper tape program in 10 from .001 to 300 
seconds. Make any number of d-c and pulse ohm-cm fs; 0.1 
tests with programmable socket configuration. to 3000 ohms/sq. 


aia i TEXAS INSTRUMENTS 


ee le INCORPORATED 
APPARATUS DIVISION 
P. O. BOX 66027 HOUSTON, TEXAS 77006 
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Did you 


know 


Sprague makes...? 


UNICIRCUIT® mW RTL 
INTEGRATED CIRCUITS 


TO-5 CASE 


Types US-0908 through 
US-0921 . . . Fully inter- 
changeable mW digital 
building blocks featur- 
ing power consumption 
of 4 mW/node and prop- 
agation delay of 40 nsec 


ON READER-SERVICE CIRCLE 102 


UNICIRCUIT® CUSTOM 
HYBRID CIRCUITS 


eee st 
Sa 
Se 
Sa 
ee oS 
a 


Combine monolithic silicon circuits with 
tantalum or Ni-Cr alloy resistors. Close 
resistance tolerances, low temperature 
coefficient. Resistor matching, +%2%. 
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DIGITAL-TO-ANALOG 
CONVERSION CIRCUITS 


LLL 
SLVISLE a 


UT-1000—Four-bit ladder network 


UT-4001—Ladder switch for driving 
resistor ladder networks 


UT-4024—Buffer amplifier 
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PULSE TRANSFORMERS 
INTERFERENCE FILTERS 


INTEGRATED CIRCUITS 
THIN-FILM MICROCIRCUITS 


TRANSISTORS PULSE-FORMING NETWORKS 
CAPACITORS TOROIDAL INDUCTORS 
RESISTORS ELECTRIC WAVE FILTERS 


488-6128 


; TO- 
CASE 


DIFFERENTIAL AMPLIFIER 
TRANSISTOR PAIRS 


Y 
os j 


TO-5 FLAT 

i CASE PACK 
NPN or PNP « Matched characteristics. 
hee = 10-20%. AVpe = 5-20 mV. 
AVpe/Temp = 5-20uV/°C. 
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LOW-COST HERMETICALLY- 


> SEALED PLANAR TRANSISTORS 


TN SERIES (NPN) 
High Voltage Switches 
Low Level Amplifiers 
High Speed Switch/Amplifiers 
Choppers 
Power Amplifiers 
Core Drivers 


TQ SERIES (PNP) 
1 Low Level Amplifiers 

ig High Gain Switch/Amplifiers 
High Speed Switches 


TO-5 
CASE 
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TW-3000 MICROPOWER PNP 
SILICON HIGH-SPEED 
SWITCHING TRANSISTORS 


Fastest switching transistor 
available in the 

1 to 100uA range 

Cip = 0.7 pF typ., 1.5 pF max. 
Cob = 1.5 pF typ., 2.5 pF max. 


TO-18 
CASE 


Br ayer as 


% SHORE as Pine PATER ON ose eS No miw. AN Ae aA 
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_SPRAGUE COMPONENTS 


Sante yee a ou ea a Aan 12 ES EO eT 


CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
BOBBIN and TAPE WOUND MAGNETIC CORES 
SILICON RECTIFIER GATE CONTROLS 
FUNCTIONAL DIGITAL CIRCUITS 


EES Shs Se eden ar ert te 
UNICIRCUIT® RCTL | 
INTEGRATED CIRCUITS | 


18X-acieal size) 
Sprague Series US-0100 ...a com- 
plete line of monolithic digital build- 
ing blocks featuring low power 
consumption (2 mW typ.) 
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sony RSA IK 


MULTIPLE TRANSISTORS =| 
(NPN-PNP PAIRS/QUADS) 


; MLL y , : a 


AMPLIFIERS SWITCHES CHOPPERS 
Pairs Quads B 

2 NPN 4 NPN 

2 PNP 4 PNP 

1 NPN—1 PNP 2 NPN—2 PNP 
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SILICON ALLOY 
REPLACEMENT TRANSISTORS 


FULL PLANAR RELIABILITY 


2N327A 2N945 2N1026 
2N328A 2N946 2N1469 
2N329A 2N1025 2N1917 


Sprague makes 82 standard high- 
emitter-voltage full planar silicon alloy 
replacement types. 
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ines 


For complete technical data 
on any of these products, 
write to: 
Technical Literature Service 
Sprague Electric Company 
347 Marshall Street 
North Adams, Mass. 01247 


ESR a 


SPRAGUE 


THE MARK OF RELIABILITY 


“Sprague’ and ‘®’ are registered trademarks of the Sprague Electric Co 


